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Model 300, running-in-oil 
Cherry-Burrell Viscolizer 
—capacity 300 gallons an 
hour—alloy steel cylinder 
block—forged type—Duo- 
Visco Valve. Other models 
with capacities from 75 to 
1000 gallons an hour. 


» » » WHOLE MILK, w4en VISCOLIZED, 
BECOMES « “SOFT CURD” MILK 


N infant feeding, and in certain adult diets, the importance of ‘‘soft 
eurd’’ milk, with its greater digestibility, is gaining increasing recogni- 
tion. And many are the methods of modification employed to attain, in 
cows’ milk, a casein curd which will approximate the fineness and tender- 
ness of the curd in human milk. 


Viscolization is probably the simplest, most positive and most successful 
method. 


Authorities have noted that whole milk became more easily digested when 
viscolized. Fat particles were greatly reduced in size and the casein and 
other solids subdivided, with improved feeding results. And, upon 
further research and experiment, it was noted that the curd from visco- 
lized milk was tender, flocculent and friable—its ideal condition for in- 
fant feeding or in any diet where ease of digestion and assimilation must 
be stressed. 


Viscolizer users should begirr in a moderate way to market Viscolized 
Whole Milk, thus learning of its sales possibilities at first hand. 


The VISCOLIZER and its operation are fully illustrated and described 
in Bulletin No. G-180. Ask us to mail you a copy together with further 
information on its interesting application to the production of soft curd 
milk. 


GHERRY- BURRELL GORPORATION 
427 W. RANDOLPH ST. 


CHICAGO 
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Dependable Glassware 
of 
Extreme Accuracy 


Fabricated of carefully selected glass—annealed 
—with clearly etched, easily read scales—tested 
and retested to assure the maintenance of an 
extremely high accuracy standard—and guar- 
anteed to conform to the specifications of the 
state for which they are made—Nafis test bottles 
and test glassware for the dairy industry reduce 
breakage to a minimum, stop those wastes and 
losses caused by inaccurate tests, save money, 


And to these definite, vital advantages is added 
the quick, ever ready, convenient service pro- 
vided by nation-wide distribution of stocks so 
that any order for Nafis test glassware . . . 
anywhere ... any time ... is filled and 
shipped promptly. 


Order Nafis test bottles, test glassware direct 
or through your jobber, every time. 


LOUIS F. NAFIS, INc. 


23 N. Desplaines Street, Chicago, Ill. 
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American Dairy Science Association Announcements 


SUMMER MEETING 
“LEXINGTON, KentucKy—JUNE 28, 29, 30, 1932 


It will be ‘‘open house’’ in the ‘‘Blue Grass’’ of Kentucky. The roses 
will be in bloom on the rock fences and the country will be beautiful. Mem- 
bers and their wives and families will enjoy the atmosphere of Southern 
hospitality. 


Program. The program committee has a large number of papers from 
which to choose a strong and balanced program. On Monday afternoon, 
June 27, there will be (1) a conference in judging dairy products, especially 
for those interested in the coaching of products judging teams, and (2) a 
conference of those interested in using the new production and type method 
of holding a cattle judging contest. 


Local side trips. One-half a day will be spent touring the beautiful 
estates and horse farms in the vicinity of Lexington. 


Ladies’ Program. Bring the ladies. They will be fascinated with a 
day’s visit to Berea College, the nationally known mountain school which 
is doing so much for the boys and girls from the mountains. Here the 
ancient art of hand weaving and other fireside industries flourish. A visit 
is also planned for old Fort Harrod, viewing the palisades of the Kentucky 
and Shakertown en route. Everything will be done to make the ladies feel 
at home. 

Hotels and Rates. Either the Lafayette or Phoenix Hotel are first class 


in every respect. A family rate is in order to association members. 
When you write for reservations mention the association. 


EACH EXTRA 
ONE PERSON 
$2.50 $1.00 


Room without bath oo... 2.00 1.00 


Suggested pre-convention stops 


(1) The ‘‘Big Smokies’’—40 miles east of Knoxville, Tennessee, are 
beautiful and not seriously out of the way for those driving to Lexington 
from the South and East. 

(2) Those driving through from the South and West would find a few 
hours interestingly spent at Crieve Hall Farms, Nashville, Tennessee. 

(3) Mammoth Cave is located about 100 miles South of Louisville and 
30 miles East of Bowling Green. Federal Highway No. 31. 

(4) The National Shrine of Lincoln’s birthplace is at Hodgenville—just 
a few miles from ‘‘My Old Kentucky Home’’ at Bardstown. These stops 
are between Mammoth Cave and Lexington. 

(5) Tours to Mammoth Cave, Lincoln’s Shrine and ‘‘My Old Kentucky 
Home’’ on Friday following the meeting will be arranged for those who 
wish. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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RIPENING CHEESE IN A SEALED PACKAGE 


L. A. ROGERS! 
Research Laboratories, Bureau of Dairy Industry, U. S. Department of Agriculture 


Marketing cheese of the cheddar type is handicapped by unsuitability 
of the package to modern methods of merchandising. 

There is a material loss in weight by evaporation of water during cur- 
ing, loss from the rind formed by this evaporation, and additional waste in 
cutting. It is at a disadvantage by comparison with the attractive pack- 
ages of nearly all food products and because of the inconvenience of cutting 
portions for each customer. When cut it is in an inconvenient form for 
carrying or holding. Still another objection to the present form of pack- 
age is the loss of identity of the maker. It is very difficult for a factory to 
so brand its output that a reputation for high quality can be established 
among the consumers. Consequently there has not been the inducement to 
produce cheese of the high quality that the industry has needed. This is 
reflected in the low per capita consumption of cheese in this country. 

The process requiring melting and mixing with an emulsifier has been 
successful, except that many of the characteristics of the cheese are 
destroyed and the appeal to the consumer has come largely through the at- 
tractiveness of the package. 

These difficulties could be very largely overcome if a method could be 
devised for canning cheese as it comes from the press. The advantages of 
a canned cheese are obvious especially if the curd is put into the can from 
the press, thus eliminating the cost of paraffining and the losses due to 
shrinkage and the formation of a rind. 

In packaging cheese, and especially in canning, two obstacles must be 
overcome. Cheese is an excellent medium for molds and if it is confined 
so that the surface does not become dry it will soon be covered with mold 
colonies. It is searcely conceivable that sufficient precautions could be 
taken to completely exclude mold contamination from a product of this 
nature, but mold growth can be controlled by limiting the oxygen supply. 
If cheese at any stage of ripening is packed in hermetically sealed cans so 

Received for publication July 18, 1931. 

1 The author is indebted to his associates, K. J. Matheson, H. L. Wilson, and W. T. 


Johnson, Jr., whose assistance in making and canning the cheese has made this investiga- 
tion possible. 

Application has been made for public service patents on the methods and devices 
described in this paper. On account of the many patents on processes of preserving 
foods, any one considering selling cheese in cans or glass jars should secure the advice of a 
competent patent attorney. 
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that there is only a very limited air space, molds will not develop, at least 
not to an extent to impair the value of the cheese. In a very restricted 
space mold colonies may begin development, but the oxygen is soon ex- 
hausted and growth ceases. These incipient colonies usually disintegrate 
and disappear. 

The second obstacle is due to the evolution of gas by the cheese, which in 
its normal ripening, produces gas in amounts sufficient to develop consid- 
erable pressure. If this gas is confined it will in time swell and burst the 
package. 

Pernot® describes experiments in canning cheese in which the cheese was 
pressed in the cans or transferred from the hoops direct to the cans. 
4 pparently there was no molding and no trouble from swelling except when 
the cheese was overheated while in a half ripened condition. Doane, while 
connected with the Dairy Division of the Bureau of Animal Industry, made 
an extensive investigation of canning cheddar cheese. These experiments 
were successful in producing a cheese of fine quality and free from mold 
but such a large percentage of the cans eventually swelled that the method 
was not considered practicable. 

The trouble from swelling may be overcome by providing a valve which 
will permit the escape of gas from the can without admitting air. A valve 
which we have found satisfactory for this purpose is shown in Figure 1. 


HOLE RUBBER 
CAN TOP 


SPOT SOLDERED 
DISC 


Fig. 1. Cross-section of the top of a can fitted with relief valve. 
2E. F. Pernot. Canning Cheese. Bulletin 78. Oregon Agr. Exp. Sta. 1904. 
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A hole about 1/16 inch in diameter is punched in the top of the ean. <A 
seat of thin rubber or other suitable material is held against this opening 
by a circular tin disk soldered or seamed to hold it in place without com- 
pletely closing the space between the disk and the top to the passage of gas. 
This holds the rubber seat firmly against the opening and prevents the in- 
gress of air at all times. If sufficient pressure is developed in the can to 
bulge the top slightly, the valve is opened and gas escapes until the pres- 
sure is relieved. 

In an ordinary No. 2} can, from three to five pounds pressure is re- 
quired to open the valve. Failure of the valve to open may occur if whey, 
pressed out of the cheese, works its way into the valve and dries, thus 
cementing the seat to the top. This will not happen if the cheese is of good 
quality, and the can is not filled too full and is not exposed to high tempera- 
tures. 

In the experimental work conducted on a small commercial scale the 
only seridus difficulty encountered has come from defective cans and im- 
perfectly soldered disks. This was overcome by the selection of suitable 
cans and no difficulty from molding has been experienced in cans free from 
these defects. 

In our later work a modification of the well-known Bunsen valve has 
been used. A cross-section of this valve is shown in Fig. 2. It consists of 
a rubber dome projecting through a hole in the can top and cemented to the 
metal. A cut is made with a thin, sharp pointed knife in such a way that 
the opening on the outside is near the metal as shown in Fig. 2. Pressure 


SLIT 


Fig. 2. Modified Bunsen valve. 


from without closes this opening effectively, while it is opened by relatively 
low pressure from within. Pure gum rubber has a tendency to stick so 
that a high pressure is necessary to open, but this may be overcome by put- 
ting powdered tale on the knife blade in making the cut. Rubbers con- 
taining CaCO,, prepared for us by the Bureau of Standards, have given no 
trouble in this way. The valve has an advantage over the one shown in 
Fig. 1 in that its action is independent of the size or shape of the can. We 
have used it successfully on cans containing 8 pounds of cheese. 

Only curd of the best quality should be put into cans. Aside from the 
commercial aspects of selling cheese with an inferior flavor under a special 
brand, the difficulty of providing for the expansion of the cheese from an 
abnormal gassy fermentation is obvious. The valve can be expected to take 
care only of the gas which escapes from the body of the cheese. 


4 
| 
| 
‘ 
| 
’ 


188 L. A. ROGERS 


Cans for this purpose must seal absolutely tight. A pin hole will admit 
sufficient air to support abundant mold growth. The so-called packer’s can, 
used for fruit, vegetables, and other food products requiring sterilization, 
answers this requirement. Lacquered cans should be used to prevent the 
blackening which occurs in spots when cheese is held in direct contact 
with tin. 

Hoops should be made with an internal diameter 1/8 inch smaller than 
the internal diameter of the can. This will make a cheese which may be re- 
moved from the can without difficulty if the top is entirely removed. If 
the cheese fits the can closely the flow of gas toward the valve may be pre- 
vented and sufficient pressure may develop in the valveless end to cause 
swelling. A long hoop may be used and the cheese cut into the lengths re- 
quired to fill the can. If the curd is weighed into the hoop, the operator 
can, with a little experience, gauge the amount of curd in each hoop to give 
a cheese which will cut into an exact number of prints without waste. 

A ean should be selected which will give the required capacity and at 
the same time have as large a diameter as practicable. Thus, a No. 3 can, 
which has an internal diameter of 4-1/16 inches, would require a height of 
2-15/32 inches to hold a one-pound print, allowing 1/8 inch space between 
the cheese and the can. Hoops for pressing for this size can should be 
3-15/16 inches, internal diameter, and may be 14 inches long. These hoops 
will be more easily filled than hoops for a No. 2 or 24 can. The hoops may 
be filled without bandage, pressed for a short time, removed from the hoops 
to apply the bandage, and the pressing completed. When the cheese is 
finally taken from the hoops the bandage should be removed. 

Cheese ripens normally in cans but since there is no loss of water there 
is a tendency toward a softer texture and there is no rind. A high mois- 
ture cheese which ripens rapidly is likely to develop a sharp flavor and 
may have some objectionable odor when the can is opened. A cheese that 
ripens normally will have no appreciable odor. 

Dealers should be impressed with the fact that cheese, even in sealed 
cans, is a perishable food product which must be protected from extremes 
of temperature. Cheese heated above the melting point of the fat will be- 
come oily. 

Certain types of cheese, as for instance, Swiss or Emmenthaler, cannot 
be ripened in cans, but it may be desirable to cut ripened cheese into prints 
and seal in cans or glass jars. Since the print can not be cut to fit the con- 
tainer without waste there will necessarily be considerably space around the 
print. Ripened cheese has passed the most active stage of gas formation 
and can not be depended upon to dilute the oxygen of the air enough to 
completely prevent mold growth. Under these conditions it is necessary to 
displace the air around the print with an inert gas such as carbon dioxide 
or nitrogen. Carbon dioxide is not, strictly speaking, an inert gas, but be- 
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cause it is heavier than air it is easier to handle than the lighter and more 
inert nitrogen. Moverover, it is comparatively inexpensive and is easily 
obtained in convenient cylinders. The air may be displaced by flowing a 
rapid stream of carbon dioxide into the container holding the cheese. The 
ean should be sealed at once. This does not always displace the air com- 
pletely and it is better to use some device by which the air can be exhausted 
from the container and replaced with gas. Automatic sealers for doing this 
are available, but in operating on a small seale improvised apparatus can 
be used. 

Square or rectangular prints or slices of cheese in a round container 
leave so much space into which gas can be compressed before sufficient pres- 
sure is developed to swell the can that a valve may not be necessary unless 
the cheese is to be held for some time. 

Ripened cheese in which the gas formation is slow could probably be 
marketed in this way with little danger of swelling. We have held sliced 
Swiss cheese in glass jars for 8 months without the development of undue 
pressure but eventually the pressure will become sufficient to bulge the can. 


SUMMARY 

A method of canning cheddar cheese direct from the press is described. 
The essential thing in this method is a valve which permits the escape of the 
gases formed in the ripening of the cheese without allowing the ingress of 
air. 

The cheese ripens normally without loss of moisture, formation of rind 
or growth of mold. 

The increased cost of cheese in this package is largely offset by the 
elimination of loss through evaporation, the necessity for paraffining and 
the care of the cheese in the curing room. 
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; TESTS OF AN ICE REFRIGERATED COOLING UNIT UNDER 
CONTROLLED CONDITIONS* 


R. L. PERRY 
Agricultural Engineering Division, University of California, Davis 


The initial investment and overhead costs appear to be disproportion- 
ately high for mechanically refrigerated milk cooling units for the small 
dairyman. The ice industry may have a possible market for ice on the 
farm and there is need for further data on ice cooling, so a series of tests 
were run on an ice refrigerator.* ; 

The unit as shown in figure 1 consisted of an insulated cabinet including 


Fie. 1. Ice REFRIGERATED MILK CooLING UNIT. 


Received for publication July 18, 1931. 

* Presented at American Dairy Science Association Meeting, Davis, California, July 
14-15, 1931. 

1 The ice refrigerator used in these studies was built by the Horst Company, of 
Alameda, California. 
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an ice water tank of 1,180 pounds’ capacity and a storage compartment 
for 6-10-gallon milk cans. The lower section of a two-way surface cooler 
24 inches in width was cooled by ice water circulated by a 5 g.p.m. direct 
connected centrifugal pump, both being mounted on one end of the cabinet. 
A wire basket holding 270 pounds of ice was suspended at the top of the 
ice water tank. 

The operating characteristics of equipment may be determined by two 
techniques, viz: (1) Comprehensive tests on one or more units to permit 
analyzing the influence of various controlling factors, and (2) Surveys of 
general data on a large number of units in the field to predict the range 
within which operation under generalized conditions will probably occur. 
The first method is required for tests of preliminary designs, or when there 
are not enough units included under each typical set of conditions to war- 
rant conclusions regarding the effect of changes in operation. It has the 
great advantage of giving results which may be duplicated. The second 
method may be used where the human factor is predominant, where the 
laboratory cannot represent field operation and where a sufficient number 
are available for observation. Incomplete observations on a few units are 
usually valueless for interpretation by others because of uncertainty as to 
whether controlling factors are duplicated. Confirmation of laboratory 
tests by field observations is desirable. 

More usable information on the initial design of ice refrigerated cooling 
unit could be secured in a limited time by the first method than by the 
second. This required operation in a room of constant adjustable tempera- 
ture, and a routine method of loading. It was recognized that these con- 
ditions may not duplicate field operation, but they were essential if the 
inter-related effects of ice content and room temperature were to be deter- 
mined. The pertinent information to be secured was: temperature obtain- 
able, capacity, and ice consumption per gallon of milk. In order to analyze 
the box performance tests were divided into A—No load tests at 100°, 80°, 
and 60° room temperature to determine the box characteristics, and B— 
Load tests in an 80° room with loads of 20, 40 and 60 gallons per day. 

In the no-load tests, the basket was filled with ice in pieces about 6” 
square or less. To weigh the ice, the basket was suspended from a steel- 
yard raised by a block and tackle. Weights were noted at 6-hour intervals 
until less than 60 pounds remained. Room temperature was recorded by 
a 24-hour thermometer on each side of the room. Box temperatures were 
recorded by a 24-hour thermometer on the wall near the right door, with 
its bulb about 6” below the warm air duct, and a 7-day thermometer on 
the back wall about 6” above the floor. The ice tank temperature was re- 
corded by a 12-hour thermometer with a long spud inserted through the 
cover and through a tube in the ice basket to a point about 4” below the 
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bottom of the basket. The overflow tank temperature was noted by a hand 
thermometer each time the ice was weighed. 

In the load tests, water was used to simulate milk. Since its quantity 
was determined by weighing, the only correction required was for specific 
heat. (The cooler would function slightly differently with water than 
with milk because of a different heat transfer coefficient. The error is 
not serious, however). The ‘‘milk’’ was warmed in a tank above the 
cooler reservoir, to which it was admitted by a float valve. Steady flow 
was thus secured for all runs. The rate of flow was adjusted to about 40 
gallons per hour. The tap water for cooling the upper section was mea- 
sured with a calibrated water meter, and maintained uniform by a mercury 
manometer indicator across the cooler connections. From thermometers 
inserted in the cooler connections and placed in the cooler troughs, tem- 
peratures were taken after the first minute and at three minute intervals 
during cooling. The cooled ‘‘milk’’ was caught in 10-gallon cans on a 
platform scale under the cooler. The ‘‘night’s milking’’ was placed in the 
box and its temperature was taken when removed in the morning. The 
ice weight was taken before and after cooling and the elapsed time noted 
in order to correet for normal box maintaining meltage during the cooling 
period. 

A typical log sheet for a load run is shown in figure 2. The breaks in 


88 2. LOAD TEST LOG - 20 GAL. PER DAY. 
KE REFRIGERATED COOLING UNIT 
UNION ICE CO. TRIAL DESIGN A. 


MARCH 19 - APRIL /0, /931 UOC. 


7s 
200 


HE CONTENT 


TEMP 
CONTENT 


| 


ME TANK TEMP F. 
Ro 


ian 
OF DAY 


Fie. 2. TypicaL Loap Test Loe. 


the ice content curve indicate when milk was being cooled. It will be noted 
that the box temperature dropped at first following re-icing, and gradually 
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rose as the ice content decreased. The temperature of the ice tank at the 
observation point is considerably above 32°, indicating poor circulation. 


3. BOX CHARACTERISTICS 
100° ROOM 
KE CONTENT ——— ~w 80° ROOM 
iN POUNDS 60° ROOM 
be ICE REFRIGERATED COOLING UNIT. 
UNION ICE CO TRIAL DESIGN A. 
MARCH 19,— APRIL 10, (936 
A-£ DIV - UOFC. 
w 
8 
25 TIME 50 HOURS 100 725 


Fie. 3. Box CHARACTERISTICS, 


The no-load box characteristics are shown for different room temperature 
on figure 2. As the rate of meltage is proportional to ice surface exposed, 
the ice content curves might logically be logarithmic functions. Trial 
plotting on semi-logarithmice paper showed that straight lines obtained with 
the addition of appropriate constants to the ice weight, from which the 
following was derived : 


(W,+b) 
T,-T,=k (W,+b) (1) 


for the time in hours, (T,—T,) required for the ice weight to be reduced 
from W, pounds to W, pounds. Constants for this equation are given in 
Table 1. 
TABLE 1 
Constants for no load ice meltage 


Equation (1) 


anon TEMP. | k b 
100 203 280 
80 | 287 . 240 


60 | 450 200 
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The box temperature depends upon the ice content and the room 
temperature. Taking 50 pounds as the minimum ice content before re- 
icing, it was found possible to express the box temperature as a function 
of the room temperature, as follows: 


_. T,=box temp. °F. 
T, = (T, —32)°-77 + 32 in which T 


=room temp. °F. 


From the rate of heat loss of the box, and the difference in temperature 
between box and room, a ‘‘heat transfer constant’’ giving the B.t.u. per 
day per degree temperature difference between box and room is derived. 
Heat is derived from melting of ice, rise in temperature of melted ice from 
32° to ice tank temperature, and rise in temperature of water in ice tank. 
The average heat transfer coefficient of 452 checks fairly well with the value 
of 475 derived from box dimensions and insulation. 

A typical load data sheet is shown condensed in table 2 a, b, ce. 


TABLE 2a TABLE 2b 
Tce weights Cooled milk data 
ICE WT. } NET WT. TEMP. AFTER 
TIME NET LB. | CAN NO. LB. | COOLING OF, 
6: 30a. m. | 175.5 2a | gaa | 49 
7:27am. | 1305 2b | 81.1 | 46.5 
TABLE 2c 
Cooling data 
Tew. oF. | | | ware 
On | | On oft On | 
| (6:47 | | | 80.6 
348 88 so | 42 | 46 | 72 | 74 
| 3:82 88.5 48 40 | 45 | 72 73 | 
| 89 46 | 40 | 45 71 73 
| 257 | 8 | 46 | 39 44 71 73 | 
| 7:00 89 45 39 44 70 73 
: 02 | | | | 90.7 
—! 
| 7:07 ‘| | | 
:08 | 888 45.5 | 39.3) 44 71 | 78 
:11 | 89 44.5 38 44 71.5 73.5 
| 3:14 | 892 442 38 | 435] 71 73 
| 3:17 | 89.6 44.8, 38 | 43.5 70.3 73 
| 90 44.5; 38 | 48 70 «678 
| :22 | | | | | | 102.2 


The average operating conditions of the cooler are shown in figure 4. 
The intermediate milk temperature 74.7° F. and the mean temperature dif- 
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ICE REFRIGERATED COOLING UNM/T 
UNION ICE CO. TRIAL DESIGN A. 
80 SECTION ~~ MARCH /9 - APRIL 10, (9.31. 
A-E DIV - U OFC 
MEAN DIFF 8.22 76.7) 
(73 36) 
65/ LB. TAP WATER 
ABSORBS 1330 btu, 
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i) EACH SECTION CONSISTS 0.7 
@ 8-1" TUBES, 23" LONG 
= AREA 3.51 SQ.FT. 
S SECTION 
50 MEAN DIFF. | 
| 
(43.91) 
| 
(36.44) | 


S253 
O COOLER SURFACE, SQ*T 351 5 Waren 
Cog Ste, 


COOLER SURFACE, 


Fig. 4. MILK COOLER TEMPERATURES. 
ferences were derived by calculation. The ice meltage during cooling per 
10-gallon can is shown in Table 3. 


TABLE 3 
Ice meltage for cooling alone 


GAL. PER DAY 


ICE MELTAGE LB. 
PER 10 GAL. 


20 | 25.2 
40 | 22.0 
60 20.4 


At first glance there was apparently no logical basis for a relation 
between the gallons per day and the ice meltage per gallon. However, 
when the heat absorbed by the ice-water in the lower cooler section has 
compared with the heat absorbed by ice meitage, it was found that an 
average of 6 pounds of ice was melted in excess of the cooler requirement 
in each cooling period, whether 10, 20 or 30 gallons was cooled. The 
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temperature of the ice-water tank was reduced by an amount approximately 
equivalent to this heat removal, indicating that the increased circulation of 
the pump and spray during cooling caused a more rapid melting of the ice. 
Although this excess meltage did cause a slightly lower box temperature, 
it did not reduce the amount of ice consumed in box maintenance, so it 
was charged against the cooling operation. On this basis, the ice meltage 
for cooling alone for capacities of 20 to 100 gallons of milk per day were 
derived. Using rates of flow, initial temperatures of milk and ice-water, 


3 CONSUMPTION PER. GALLON. 
ICE REFRIGERATED COOLING 7 
S UNION ICE CO TRIAL DESIGN A 

6 MARCH /9 APRIL 19 3/. 

S \ A-E DIV - U OFC 
3 

= 

N 
GAL OF MILK PER DAY 
£2 42. go g2 Log 
6. ICE CONSUMPTION PER DAY. 
300 
100M 
| 
GAL OF MILK PER DAY 
20 ‘40 60 8O /00 
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and heat transfer coefficient similar to those shown in figure 4, the ice 
meltages for operation with 60° F. tap water were obtained. 

The ice meltage for box maintenance alone, from equation 1, and for 
milk cooling alone as derived in the above paragraph were added together 
to give the total ice consumption per gallon of milk, and per day, as shown 
in figure 5 and figure 6. These may be represented rather closely as 
follows: 


(3) 


I4g=e-G+m (4) 


when I,= ice meltage, Ib. /gal. 
I,= ice meltage, lb. /day 
G= gallons per day 
constant for cooling alone 
m= constant for box maintenance and cooler operation overhead. 


TABLE 4 
Constants for total ice meltage equations (3), (4) 


ROOM TEMP. TAP WATER TEMP. e m 
oF, oF, LB. /GAL. LB. /DAY 
80 71.3 1.71 101 
60 1.37 98 
60 71.3 1.75 67 
60 | 1.41 64 


Although the ice consumption per gallon, as shown by figure 5, is exces- 
sive for small loads because of the meltage for box maintenance, it drops 
rapidly with increasing loads. The economic place of this equipment 
obviously depends upon whether the higher operating cost for ice plus lower 
fixed cost for the ice refrigerated unit is lower than the lower operating cost 
for power plus the higher fixed cost for the mechanically refrigerated unit. 


CONCLUSIONS 


1. Testing the ice refrigerated cooling unit under controlled conditions 
gave a fairly complete analysis of its operating characteristics in a short 
testing period. 

2. With the box well iced, milk can be cooled and stored at 50° F., at an 
ambient temperature of 80° F. Redesign of the box might reduce this 
slightly. Daily peaks of 100° F. or higher will not cause material fluctua- 
tions in box temperatures because of the buffer effect of the ice-water tank. 

3. The maximum milk cooling capacity of the box at high temperature 
is limited by its ice capacity. At 80° ambient temperature, 80 gallons per 
day will require daily icing. Redesign can increase this to 230 gallons per 
day with daily icing. However, the storage capacity is 70 gallons, which 
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would permit handling about 120 gallons per day when one milking is 
stored. This would allow icing on alternate days. 

4. The ice consumption per gallon of milk at an average ambient 
temperature of 60° F. and a tap water temperature of 71.3° F. is 5 pounds 
per gallon for 20 gallons per day and 2.3 pounds per gallon for 80 gallons 
per day. The box might be redesigned to reduce the ice consumption at 
lower capacities, which would require reducing the storage space and 
maximum eapacity. 

5. The ice refrigerated cooling unit may offer a solution to the cooling 
problem of the small dairymen who can secure ice at $6.00 to $9.00 per ton 
as compared with electric power at 2 to 3 cents per kw.-hr. 
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DEVELOPMENT OF THE ESCHERICHIA-AEROBACTER GROUP 
OF BACTERIA IN BUTTER 


B. W. HAMMER anp M. W. YALE 


Iowa State College, Ames, Iowa 


In the studies that have been carried out at the Iowa Agricultural Ex- 
periment Station on butter showing various flavor defects, organisms be- 
longing to the Escherichia-Aerobacter group have been frequently isolated. 
Occasionally, these organisms made up a considerable percentage of the 
total flora. Although the odors and flavors of the butter examined did not 
resemble the odors and flavors of milk in which Escherichia or Aerobacter 
species had grown, it seemed desirable to investigate the relationship of this 
group to butter from the standpoints of (1) the growth in butter under 
favorable temperature conditions and (2) the influence on the odor and 
flavor of butter. The studies involved only temperatures and holding 
periods that represent essentially the severe conditions to which butter 
may be exposed in retail establishments and homes since there is no evidence 
suggesting significant growth of organisms in butter held in commercial 
storage rooms. 

METHODS 


In the making of the butter the following procedure was used. Sweet 
cream of a good quality was pasteurized at 82.2° C. for fifteen minutes 
by placing the cream, in a metal container, in a water bath, raising the 
temperature of the water as rapidly as possible while the cream was being 
stirred, and then holding at the desired temperature. The cream was 
cooled in a water bath, distributed to sterile glass jars of approximately 
one gallon capacity, putting about 1500 ml. in each, and then held over 
night at about 7° C. to firm up the fat. The cream with which organisms 
were to be used was inoculated, just previous to churning, with from three 
to four ml. of a twenty-four to forty-eight hour milk culture of an identified 
organism that had been isolated from a dairy product. The churning was 
carried out in a shaking machine and usually required from twenty to 
twenty-five minutes. After churning, the buttermilk was poured off, the 
butter washed twice with sterile distilled water and then worked in a 
sterile enamel dish with a butter paddle. Each churning of butter was 
divided into two lots, one of which was salted while the other was left un- 
salted. Each lot was divided into two portions and wrapped in sterile 
parchment, one portion being held at about 7° C. while the other was held 
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at about 18° C.; the variations from 7° and 18° C. were usually not over 1° 
C. and never over 2° C. 

An attempt was made to incorporate about 2 per cent of salt into the 
salted lots but uniform incorporation was difficult with the salting pro- 
cedure used; analyses showed that the salt content varied from 1.5 to 2.5 
per cent. 

The butter was plated as soon as it was made and after two, five and ten 
days, using eosin-methylene-blue agar plates in duplicate and incubating for 
two days at 37° C.; preliminary trials indicated that this temperature was 
very satisfactory for all the test organisms used. The medium employed 
made it possible to distinguish organisms of the Escherichia-Aerobacter 
group from other types. 

The microscopic counts were made with the procedure used by Hammer 
and Nelson (1). 

EXPERIMENTAL 


Escherichia-Aerobacter Species Isolated from Off Flavored Butter 


In order to secure information on the Escherichia-Aerobacter species 
present in butter, twenty-five cultures belonging to the general group were 
selected from the cultures isolated in the study of seventeen samples of off 
flavored butter and identified; a number of the samples of butter showed 
surface taint while the remainder showed various other objectionable odor 

sand flavor conditions. Fifteen (60 per cent) of the cultures were A. 
aerogenes, four (16 per cent) were A. cloacae, three (12 per cent) were A. 
oxytocum, and three (12 per cent) belonged to the intermediate genus 
Citrobacter (2). None of the organisms studied belonged to the genus 
Escherichia. 


Changes in the Numbers of Organisms of the Escherichia- 
Aerobacter Group in Butter 

At about 7° C.—The counts secured on butter made from cream con- 
taining organisms of the Escherichia-Aerobacter group and held at about 
7° C. are given in table 1. On the fresh unsalted butter the counts for the 
seven lots containing Escherichia species ranged from 110,000 to 2,800,000 
per ml., with one sample exceeding 500,000 per ml., while comparable 
counts for the eight lots containing AeroLacter species ranged from 88,000 
to 1,100,000 per ml., with three samples exceeding 500,000 per ml. 

The salted butter containing Escherichia species gave counts from 
21,000 to 130,000 per ml. after two days, from 7,500 to 57,000 after five 
days and from 6,500 to 60,000 after ten days; on the unsalted butter the 
counts ranged from 130,000 to 11,000,000 per ml. after two days, from 
85,000 to 20,000,000 after five days and from 85,000 to 5,200,000 after ten 
days. 
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The salted butter containing Aerobacter species showed counts of from 
9,000 to 110,000 per ml. after two days, from 5,000 to 510,000 after five days 
and from 120,000 to 1,800,000 after ten days; on the unsalted butter the 
eounts varied from 190,000 to 16,000,000 per ml. after two days, from 
75,000 to 76,000,000 after five days and from more than 1,000,000 to 
61,000,000 after ten days. 

%n general, at about 7° C., salt had a definite restraining action on the 
org, tisms of the Escherichia-Aerobacter group; in the salted butter the 
Eseherichia species did not grow in the ten day period and commonly there 
was a pronounced decrease in numbers, while with the Aerobacter species 
there was usually a decrease and then an increase in numbers, the increase 
in some instances resulting in counts higher than the originals. In the un- 
salted butter some of the Escherichia and all of the Aerobacter species 
studied grew, with the latter showing more growth than the former. 

At about 18° C.—The counts secured on butter made from cream 
containing organisms of the Escherichia-Aerobacter group and held at 
about 18° C. are given in table 2. As already indicated these lots of butter 
represent the same churnings as the butter held at about 7° C. 

The salted butter containing Escherichia species gave counts from 
1,200,000 to 1,900,000 per ml. after two days, from 1,100,000 to 17,000,000 
after five days and from 1,200,000 to 12,000,000 after ten days; on the un- 
salted butter the counts varied from 4,900,000 to 30,000,000 per ml. after 
two days, from 11,000,000 to 38,000,000 after five days and from 20,000,000 
to 35,000,000 after ten days. 

The salted butter containing Aerobacter species showed counts from 
1,900,000 to 22,000,000 after two days, from 3,000,000 to 50,000,000 after 
five days and from 6,800,000 to 28,000,000 after ten days; on the unsalted 
butter the counts ranged from 14,000,000 to 100,000,000 after two days, 
from 46,000,000 to 290,000,000 after five days and from 50,000,000 to 150,- 
000,000 after ten days. 

At about 18° C. salt had a restraining action on the organisms of the 
Escherichia-Aerobactor group but growth occurred with all the cultures 
studied in both the salted and the unsalted butter. The Aerobacter species 
grew more rapidly and reached higher numbers in the butter than the 
Escherichia species. 


Influence of Organisms of the Escherichia-Aerobacter Group 
on the Odor and Flavor of Butter 
Most of the butter made from cream to which organisms of the 
Escherichia-Aerobacter group had been added was examined after two, five 
and ten days for odor and flavor, and comparisons made with the controls. 
The results obtained are given in table 3. Due to the pasteurization at 
comparatively high exposures under conditions such that thorough agita- 
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tion was impossible, all the butter had a rather pronounced heated flavor. 
The unsalted control butter occasionally developed an off flavor, due pre- 
sumably to the growth of organisms surviving the pasteurization, but this 
was readily distinguishable from the defects caused by the Escherichia- 
Aerobacter species. 

At about 7° C.—The butter containing Escherichia species did not 
develop off flavors due to the organisms added to the cream, either when it 
was salted or when it was not. The butter containing Aerobacter species 
did not develop off flavors due to the organisms added to the cream when it 
was salted but, when unsalted, off flavors were present after ten days with 
one of three A. aerogenes cultures, with one of two A. oxytocum cultures 
and with the two A. cloacae cultures. 

At about 18° C.—The butter containing Escherichia species did not 
develop off flavors due to the organisms added to the cream, either when 
salted or when unsalted. The butter containing Aerobacter species 
developed off flavors both when salted and when unsalted; when salted, an 
off flavor was regularly present after ten days, and with the one A. orytocum 
culture after two days, while when unsalted an off flavor was regularly 
present after ten days and with two of three A. aerogenes cultures, with 
one of two A. oxytocum cultures and with one of two A. cloacae cultures 
after two days. 

General character of the odor and flavor produced in butter by Aero- 
bacter species—The odor and flavor defect produced in butter by the 
Aerobacter species studied would probably be designated as an unclean 
odor and flavor by most butter judges. It very definitely resembled the 
condition produced in milk by these organisms. 

The odors and flavors produced in milk by Escherichia species are, in 
general, definitely less objectionable than those produced by the Aerobacter 
species. With a considerable number of cultures belonging to the general 
Escherichia-Aerobacter group (including the genus Citrobacter), those be- 
longing to the genus Aerobacter commonly could be picked out on the 
basis of the odor produced in milk. This suggests that even if Escherichia 
species did produce odor and flavor changes in butter they would be less 
objectionable than those produced by Aerobacter species. No differences 
could be detected between the odors produced in milk by the various 
Aerobacter species studied. 


Retention in Butter of Organisms Belonging to the 
Escherichia-Aerobacter Group 
In order to study the retention in butter of organisms belonging to the 
Escherichia-Aerobacter group, a count of these organisms was made on a 
number of lots of cream just before churning. The results obtained, to- 


206 B. W. HAMMER AND M. W. YALE 


gether with the counts secured on the fresh, unsalted butter and the per- 

centages of the organisms retained in the butter, are presented in table 4. 
TABLE 4 

Organisms of the Escherichia-Aerobacter group in cream and in butter churned from it 


Counts made with eosin-methylene-blue agar plates 


NUMBER PER ML. IN | 

CULTURE PER CENT OF ORGAN- 

SPECIES INOCU- SERIES DESIG- Fresh, ISMS PER ML. OF 

LATED NATION Inoculated unsalted CREAM RETAINED 

cream butter | PER ML. OF BUTTER 
A. aerogenes . A C16 30,000,000 | 1,100,000 3.7 
A. oxytocum ... B C23 23,000,000 980,000 | 4.3 
C8 14,000,000 | 2,800,000 20.0 
A. cloacae Cc Cll 7,600,000 420,000 5.5 
E. communior M2 5,300,000 300,000 5.7 
A. aerogenes ..... D C16 1,300,000 | 88,000 6.8 
EB. coli C8 | 2,100,000 110,000 5.2 
A. oxytocum E C23 2,100,000 220,000 10.5 
E. formica | M14 | 3,400,000 260,000 7.6 
A. cloacae F Cll | 9,600,000 280,000 2.9 
E. communior | | M2 | 2,900,000 490,000 16.9 

A. cloacae ..... | G | H1 14,000,000 | 1,000,000 | 73 
A. aerogenes H3 | 2,100,000 | 140,000 | 6.7 
E. paragriinthali.. | BM4 1,800,000 160,000 | 8.9 


The data show that from 2.9 to 20.0 per cent of the organisms present per 
ml. of the cream were retained per ml. of fresh, unsalted butter, with the 
percentage less than 10 in eleven of the fourteen comparisons. There was 
no significant difference between the retention of organism of the 
Escherichia and of the Aerobacter species and no correlation between the 
retention of the organisms and the number present in the cream. 

Grimes (3) found that, with butter churned from pasteurized sweet 
cream, from 5 to 30 per cent (generally between 20 and 30 per cent) of 
the bacteria per ml. of cream were retained per ml. of butter. 


Ratio of Microscopic Counts to the Number of Organisms of the 
Escherichia-Aerobacter Group, According to Eosin- 
Methylene-Blue Plate Counts, in Butter 
Made from Inocwated Cream 

Microscopie counts were compared with the number of organisms of the 
Escherichia-Aerobacter group, as determined by eosin-methylene-blue agar 
plate, on twelve of the samples of butter made from cream to which an 
Escherichia or an Aerobacter species had been inoculated ; the ages of the 
samples when examined varied. The results obtained are given in table 5. 
The data show that the ratios varied from 1.0 to 1 to 18.4 to 1, with the ratio 
being less than 3 to 1 in seven of the twelve comparisons. There was no 
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TABLE 5 
Ratio of microscopic count to the number of organisms of the Escherichia-Aerobacter 
group, according to eosin-methylene-blue plate counts, in 
butter made from inoculated cream 


BACTERIA PER ML. | 


SAMPLE RATIO OF MICROSCOPIC 
NUMBER Eosin-methylene-blue TO PLATE COUNT 
| Microscopic count plate count 

1 2,700,000 420,000 64:1 

2 590,000 300,000 2.0:1 

3 5,200,000 740,000 7.0:1 

4 1,800,000 830,000 2.2:1 

5 210,000 130,000 1.6:1 

6 1,500,000 530,000 2.8:1 

7 2,200,000 360,000 6.1:1 

9 34,000,000 25,000,000 La:1 

10 ... 35,000,000 1,900,000 18.4: 1 
11 31,000,000 30,000,000 1.0:1 
12 | 31,000,000 | 1,900,000 16.3: 1 


correlation between the ratio and the number of organisms in the butter ; 
the four samples having the largest numbers of bacteria gave the two high- 
est and also the two lowest ratios. 

The microscopic preparations showed the organisms in the butter to be 
mainly isolated or in pairs, and the eosin-methylene-blue plates indicated 
that nearly all of them belonged to the Escherichia-Aerobacter group. 
Under these conditions the large variations in the ratios are rather sur- 
prising. Some of the organisms may have been dead and still definitely 
stainable ; the plate counts reported in tables 1 and 2 indicate some destrue- 
tion of organisms in comparatively short periods. Another factor that may 
be of considerabie importance is the failure of the higher dilution plates 
to show as many organisms as would be expected from the lower dilution 
plates; this tendency has been noted at the Iowa Agricultural Experiment 
Station in the study of various butter problems. 


DISCUSSION OF RESULTS 


The data reported show that both comparatively low temperatures and 
salt have striking influences in restraining the growth of organisms of the 
Escherichia-Aerobacter group in butter. The cumulative effect of un- 
favorable conditions is evident from the fact that growth may occur in 
salted butter at about 18° C. and in unsalted butter at about 7° C. when 
it will not occur in salted butter at about 7° C. In general, the results ob- 
tained on the organisms of the Escherichia-Aerobacter group in butter are 
in agreement with the results that have been reported for a varied flora. 

The more rapid growth of the Aerobacter than of the Escherichia species 
in butter may be the explanation for the abundance of Aerobacter species 
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among the organisms of the Escherichia-Aerobacter group isolated from off 
flavored butter. This more rapid growth, together with the development 
of an objectionable odor and flavor by the Aerobacter species, makes them 
of greater importance than the Escherichia species from the standpoint of 
butter deterioration. Even with the Aerobacter species, however, there was 
commonly considerable growth in butter without any evident influence on 
the odor and flavor. 
CONCLUSIONS 


1. Twenty-five cultures, belonging to the Escherichia-Aerobacter group, 
isolated from seventeen samples of off flavored butter included fifteen cul- 
tures of A. aerogenes, four of A. cloacae, three of A. oxytocum and three 
belonging to the intermediate genus Citrobacter. 

2. In ten days at about 7° C., Escherichia species did not grow in salted 
butter but in unsalted butter some of them did while Aerobacter species 
sometimes grew in the salted butter and regularly grew in the unsalted. 

3. In ten days at about 18° C., both Escherichia and Aerobacter species 
grew in salted as well as unsalted butter, but the Aerobacter species grew 
more rapidly and reached higher numbers than the Escherichia species. 

4. In ten days at about 7° C., Escherichia species did not develop off 
odors and flavors in butter, either when salted or unsalted; Aerobacter 
species did not develop off odors and flavors in salted butter but sometimes 
did in unsalted butter. 

5. In ten days at about 18° C., Escherichia species did not develop off 
odors and flavors in butter either when salted or unsalted; Aerobacter 
species regularly developed off odors and flavors in either salted or un- 
salted butter. 

6. The odor and flavor produced in butter by Aerobacter species 
definitely resembled the condition produced in milk by these organisms. 

7. From 2.9 to 20.0 per cent of the organism of the Escherichia- 
Aerobacter group present per ml. of cream were retained per ml. of fresh, 
unsalted butter. 

8. The ratio of microscopic counts to the numbers of organisms of the 
Escherichia-Aerobacter group according to the eosin-methylene-blue counts 
in butter made from inoculated cream varied from 1.0 to 1 to 18.4 to 1. 
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THE EFFECT OF CORN OIL ON MILK AND BUTTER FAT 
PRODUCTION AND ON THE COMPOSITION OF 
BUTTER FAT IN THE DAIRY COW 


T. S. SUTTON, J. B. BROWN anp E. W. JOHNSTON 


Laboratory of Physiological Chemistry and Department of Animal Husbandry, 
The Ohio State University, Columbus, Ohio 


In a previous report (1), it was shown that the feeding of menhaden 
oil to a dairy cow resulted in a marked decline in the milk production and 
an even more decided reduction in butter fat. The suggestion was made 
that this remarkable effect might be due to one of three factors,—the vita- 
min D content of the oil, the high fat diet, or to the characteristic highly 
unsaturated fatty acids of the fish oil. Naturally there might be some 
other unknown factor or combination of factors which produced these re- 
sults. That the first of these is not the important factor has been shown 
by Bethke and Krauss (2), of the Ohio Experiment Station, who fed dairy 
cows on rations to which viosterol (irradiated ergosterol) was added with- 
out effect on the milk and butter fat yield. 

The present investigation was carried out to determine the effect of 
adding corn oil in relatively large amounts to the diet of a dairy cow on 
the secretion of milk and butter fat and on the composition of the latter. 
In contrast to the results from menhaden oil the corn oil feeding showed 
very little effect. The chemical composition of the butter fat, however, was 
almost as much altered by the corn oil as by the fish oil. From these results 
and those of Bethke and Krauss it would appear that the cause of lowered 
milk and butter yield lies neither in the ingestion of large amounts of vita- 
min D or in a high fat diet, but is more probably due to some specific effect 
of the menhaden oil, either its characteristic unsaturated fatty acids or 
some other unknown factor in the oil. 


EXPERIMENTAL PART 
A Holstein cow, weighing 1310 pounds, in her ninth month of lactation 
was fed 5 pounds a day of a basic ration consisting of : 


Soy-bean meal ............... 


and 2.25 pounds of starch for a control period of 8 days. For the follow- 
ing 16 days one pound of corn oil was substituted for the starch. The con- 
Received for publication August 3, 1931. 
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trol diet was then resumed. During each of these periods silage was given 
ad libitum along with a liberal amount of alfalfa hay. 

The milk from two-day samples was tested for butter fat, and the but- 
ter fat was recovered and analyzed. 


TABLE I 
The effect of corn oil on the milk and butter fat yield 


MILK YIELD PER CENT LBS. BUTTER FAT 
SAMPLE—DAY LBS. DAILY BUTTER FAT LBS. DAILY 


| Control feeding | 
12.6 4.2 0.53 


2 
4 | 14.0 4.2 0.59 
6 12.1 3.9 0.47 
8 13.4 4.1 0.56 
Corn oil feeding begins 
10 13.4 3.9 | 0.52 
12 12.3 3.8 0.47 
14 12.2 3.9 0.48 
16 11.8 3.6 0.43 
18 11.3 4.0 0.46 
20 12.8 3.9 0.50 
22 14.2 3.5 0.49 
24 12.7 3.4 | 0.43 
Corn oil feeding ends 
26 13.1 3.4 0.45 
28 13.9 3.0 | 0.42 
30 13.6 | 3.4 | 0.46 


Specimens of the butter fat were analyzed by the usual methods with 
the results given in Table II. 


DISCUSSION OF RESULTS 


The data in Table I show little if any effect on milk yield, the per cent 
butter fat in the milk or in total butter fat production. A reasonably high 
fat diet, therefore, of itself has little quantitative influence on lactation. 
On the other hand, analyses of the butter (Table II), as in the previous 
report, reveal a decided change in the composition of the fat which 
is secreted by the mammary glands. A maximum increase of 30 per cent 
in the iodine number and a decrease in the volatile soluble acids to about 
one-half the normal value are changes worthy of note. This change of but- 
ter fat by diet must be kept in mind in the detection of adulteration. The 
secretion of butter fat which remains liquid at ordinary temperature is 
quite possible. 

So far as explaining the effect of fish oil in altering the actual amount 
of milk and fat secretion, these results are significant only in ruling out 
one of the possible explanations suggested previously. 
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TABLE II 
Analysis of butter fat 
1ODINE SAPONIFICATION REICHERT- 
SAMPLE DAY NUMBER NUMBER MEISSL NO, 


| Control period | 


2 41.4 221.0 23.4 
4 41.9 224.2 24.8 
6 37.1 227.5 25.5 
8 37.1 225.2 23.2 
Corn oil feeding begins 
10 42.1 225.5 22.1 
12 51.3 216.5 19.4 
14 50.6 216.6 19.1 
16 52.1 214.5 17.4 
18 51.0 213.0 | 19.9 
20 52.9 214.2 17.3 
22 54.2 213.8 16.7 
24 | 55.8 210.9 | 14.0 
Corn oil feeding ends 
26 | 53.7 214.0 | 14.4 
28 | 51.0 | 214.9 15.7 
30 | 46.7 | 216.1 17.9 
Corn oil 124.6 194.1 | 0.0 
SUMMARY 


(1) The ingestion of one pound per day of corn oil by a dairy cow 
showed no significant changes in milk or butter fat production. 

(2) The corn oil decidedly changed the composition of the butter fat. 
The fatty acids were more unsaturated, of higher mean molecular weight, 
and the content of volatile soluble acids was reduced. 
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THE FUNCTIONAL RELATION OF YEARLY FEED COST AND 
BUTTERFAT PRODUCTION IN DAIRY CATTLE 


R. E. HODGSON 
Agent in Dairying, Bureau of Dairy Industry, United States Department of Agricul- 
ture; Assistant Dairy Husbandman, Washington Agricultural Experiment 
Station; and Dairy Husbandman, Western Washington 
Experiment Station, Puyallup. 


The yearly butterfat production of dairy cows is regulated and influ- 
enced by a number of hereditary and physical factors. The ability of an 
animal to produce a large amount of butterfat in a year is inherited. Unless 
the physical factors involved in butterfat production are adequately pro- 
vided maximum production cannot prevail. 

Many of the influential physical factors have been studied by various 
workers. When correlating them with yearly production they have found 
varying degreees of relationship to exist. Of the ten factors studied by 
Pound and Ezekiel (1) six were found to show a creditable degree of cor- 
relation with yearly butterfat production. Seventy-five per cent of the 
variation. in the average butterfat yield of the herds studied could be 
accounted for by the following six factors mentioned in order of their im- 
portance: quality of management; nutritive ratio; total nutrients; fall 
freshening; proportion of silage in the ration, and fat test. When their 
results were measured in terms of milk production, percentage fat test was 
the more important factor. A multiple correlation of .87 was found to 
exist between these factors and yearly fat production. Ezekiel, McNall 
and Morrison (2) found a multiple correlation of .71 between the nutritive 
ratio, total nutrients, and fat test and the average yearly milk production 
in certain Wisconsin herds. 

That certain of these factors affected the annual feed cost of fat pro- 
duction was borne out by them. In the herds observed it was illustrated 
that by adding protein to the ration the cost was greater but the-cash 
return above feed cost was increased. Data presented by Cramer (3) show 
that cows producing 400 pounds of fat in a year had a higher feed cost than 
cows producing only 100 pounds but that the return above cost of feed was 
much greater in the case of the higher producing cows. 

The relationship between annual feed cost and butterfat production in 
dairy cows has been elucidated in a recent paper by McIntyre (4). He 


* The material included in this paper was collected by the author when matriculated 
in the College of Agriculture, University of Wisconsin. 

Published as Scientific Paper No. 194, College of Agriculture and Experiment Sta- 
tion, State College of Washington. 
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found a correlation of .5641 + .007 between the two variables and presents 
equations showing the maintenance costs and the cost of producing 100 
pounds of milk. He relates that 600 pound butterfat cows have a 66.7 
per cent greater feed cost than 300 pound cows, but that the feed cost per 
pound of fat is less in the high producing group. 

This paper records a description of the functional relation between 
yearly feed cost and butterfat production of dairy cows. Data are pre- 
sented to show the relationship between production and the cost of pro- 
ducing a unit of butterfat at various production levels. 


METHODS 


The data used in determining the correlation between yearly feed cost 
and butterfat production of dairy cows were obtained from 10,000 indi- 
vidual Dairy Herd Improvement Association records. These records were 
made by cows generally distributed over the State of Wisconsin during 
- 1926 to 1928 inclusive. Records were taken at random and factors other 
than those involved in this paper were not considered. Records of less than 
8 months’ duration were not included in these data. 

The records were classified for feed cost and butterfat production on 
the usual form of correlation table. Feed cost was divided into $10.00 
intervals while butterfat production was arranged in 50 pound intervals. 
The original data showing the number of records in each class interval 
together with the final frequency distribution are shown in Chart I. The 
correlation analysis and other calculation were performed as outlined by 
Holzinger (5) and Ezekiel (6). 


RESULTS 


The 10,000 records under study were arranged into a feed cost fre- 
quency distribution curve as shown in Figure 1. The class intervals were 
$10.00 and covered a range in yearly feed cost from $15.00 to $165.00. 
No feed costs were found to occur outside this range. The mean cost 
of the records studied were $59.36 + .043 with a standard deviation of 
$16.43 + .116. 

Figure 2 represents the frequency distribution for yearly butterfat pro- 
duction. The records arranged themselves into 11 different production 
intervals of 50 pounds each which ranged from 125 to 675 pounds. The 
mean yearly butterfat production was 284.57 + .524 pounds and the stand- 
ard deviation was 77.50 + .548 pounds. 

Since no records of less than 8 months’ duration were included the lower 
limit of occurrence was restricted to 125 pounds. Had all records been 
included the frequency curve would probably have exhibited approximately 
the same degree of variation below the mean as it did above. It was as- 
sumed that records shorter than 240 days did not give an accurate measure 
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Fig. 1. FREQUENCY DISTRIBUTION OF YEARLY FEED Cost. 


of a cow’s producing ability, therefore, they were excluded from this report. 

The correlation coefficient between yearly feed cost and butterfat pro- 
duction was determined to be .5390 + .0048. This coefficient is positive and 
significant regardless of the many factors existing which may cause vari- 
ation in both feed cost and production. The correlation found in this 
analysis agrees very favorably with that obtained by McIntyre (4) in a 
similar study. 

The coefficient of determination of .29 shows that within the data in- 
cluded in this investigation 29 per cent of the variance in feed cost could 
be accounted for by differences in production. That the correlation ob- 
tained is to a high degree linear is substantiated by a correlation ratio of 
.556 as compared with the correlation coefficient of .5390. The regression 
equation which makes it possible to determine the feed cost of a given pro- 
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Fig. 2. FREQUENCY DISTRIBUTION OF YEARLY BUTTERFAT PRODUCTION. 


duction is y=.114x + 26.92. In this equation y represents yearly feed cost 
and x annual butterfat production. 

Figure 3 shows the regression curve for feed cost and production as 
determined by the regression formula. The independent variable x in 
each case was the midpoint of the various production intervals. The 
accuracy of this equation is confirmed by the closeness to which the aver- 
age feed cost of each production group coincide with the points on the re- 
gression line. The crosses on the graph indicate the average feed cost for 
each interval. In the 600 and 650 pound groups the frequencies were too 
few to give conclusive results, which probably accounts for the divergence of 
the averages from the regression line. 

This regression equation indicates that in these data there was an in- 
erease in feed of $5.70 for each 50 pound increase in production, a fact 
which holds true regardless of the level of production. It further indicates 
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Fig. 3. RELATION oF YEARLY Freep Cost To BuTTERFAT PRODUCTION. 


that if no butterfat was produced a feed cost of $26.92 would occur which 
represents the cost of maintenance. This maintenance cost is the same for 
both high and low producing cows. 

The cost of producing one pound of butterfat for the various production 
levels is plotted in chart 4. This representation indicates that as produc- 
tion increases the cost of producing a pound of fat decreases rapidly until 
a yearly production of 500 pounds is reached, after which a less pronounced 
relationship operates. The cows producing 500 pounds of butterfat in a 
year produced a unit of fat at 24 per cent less cost than did cows produc- 
ing 250 pounds. 

CONCLUSIONS 


The work herein reported constitutes a study of the functional relation 
between yearly feed cost and butterfat production of 10,000 individual 
Dairy Herd Improvement Association Records. A correlation of .5390 + 
.0048 was found to exist between the two variables. 

These data indicate that within the groups studied a unit increase in 
production was associated with a proportionate smaller increase in feed 
cost. 

The data indicate that the cost of producing one pound of butterfat 
decreased as production increased. 
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The writer is indebted to Associate Professor I. W. Rupel, of the De- 
partment of Animal Husbandry, University of Wisconsin, for his able 
assistance in collecting and summarizing these data. Acknowledgment is 
due M. Wayne Miller, Poultryman, Western Washington Experiment Sta- 
tion, who assisted in interpreting the statistical results. 
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ACTION OF AN AEROBIC SPORE-FORMING ORGANISM 
ON EVAPORATED MILK 


B. W. HAMMER AND R. V. HUSSONG 
Iowa State College, Ames, Iowa 


During the abnormally hot summer of 1930, a condensery shipping 
evaporated milk to various cities in the middle west, received reports of 
coagulation in the product. The condition varied from a very few small 
masses of soft curd in a can, which probably would not have been criticized 
if a more serious defect had not been present in other cans, to complete 
coagulation ; with complete coagulation the curd was sometimes soft and in 
other cases quite firm. 

Many cans of the spoiled milk were studied bacteriologically and, while 
most of them failed to yield an organism, an aerobic, spore-forming type 
was secured from three of the cans. This organism was apparently not 
the primary cause of coagulation in the outbreak, but its general action on 
evaporated milk was of interest from the standpoint of showing the changes 
that microorganisms may bring about in the product. 


METHODS 

Opening cans. The cans, either for culturing or inoculation, were 
opened as follows: A small area on the top of the can was covered with 
concentrated HCl. After several minutes this was driven off, usually with 
a hot soldering iron, which carried a small amount of solder that was de- 
posited on the tin and provided an excellent surface for resealing. A nail 
that had been thoroughly heated in a flame and cooled was then driven 
through the tin in the prepared area. 

Culturing cans. A can was commonly cultured by means of a sterile 
capillary pipette. 

Inoculation of cans. A can was inoculated with a capillary pipette 
when the inoculating material was liquid, otherwise with a needle. 


EXPERIMENTAL 
Preliminary cultural tests 


In order to determine whether or not an organism could readily be 
secured from the defective milk, several cans were cultured, using (a) beef. 
infusion agar slopes, (b) litmus milk, (c) litmus milk which was heated. 
and cooled just before inoculation and sealed with a mixture of vaseline 
and paraffin immediately after, and (d) brain medium which also was 

Received for publication September 15, 1931. Journal Paper No. B2 of the Iowa 
Agricultural Experiment Station. 
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heated and cooled just before inoculation. The amount of inoculating 
material used for a culture varied widely, smaller quantities being regularly 
employed with the agar than with the other media; in some instances as 
much as one ec. of the material was used in a tube of litmus milk. The 
cultures made from a can of milk were commonly divided into three groups 
and held at 21° C., at 37° C., and at 50° C.; as a rule comparatively few 
cultures were held at 21° C. because the history of the defect indicated it 
had developed at comparatively high temperatures. The preliminary cul- 
tural tests yielded only negative results. 

The condition of the milk cultured varied a great deal. Some of the 
cans contained curd in such small amounts it could be detected only by 
straining the milk through gauze, in others there was a solid curd that had. 
been more or less broken up, presumably during transportation, while in 
still others chunks of soft curd were floating in liquid milk. The milk 
from all of the cans had a normal odor, flavor, and acidity and was objec- 
tionable only because of the change in consistency. 

At the time of culturing, curd from each can was spread on a slide, 
stained and examined under the microscope. Extended search failed to 
show the presence of organisms in any of this material. 

Although the results obtained in the early cultural and microscopic 
examinations did not indicate the presence of organisms, bacteriological 
studies were continued because the defect had certain characters suggest- 
ing bacterial action, especially the appearance only after a holding period. 
Additional cans were cultured, using the general methods already given. 
Since the type of change suggested aerobic rather than anaerobic organisms, 
some of the beef infusion agar slope cultures were made in large test tubes 
(about 35 mm. in diameter) in order to make possible the use of large 
quantities of inoculating material. Occasionally, when only small amounts 
of curd were present, the milk was filtered through sterile gauze and the 
eurd used for inoculation. Only negative results were secured until the 
examination of two cans which were sent from the condensery as the result 
of a request for cans from the last batch of milk showing spoilage. Each 
of these yielded an organism, apparently in pure culture, and from the 
microscopic and cultural studies the organisms from the two cans appeared 
to be the same. The organisms were secured on agar slopes and also in 
litmus milk cultures; it was evident, however, that they were present in 
the evaporated milk in very small numbers since only a portion of the 
cultures showed growth. With one of the cans growth was secured at both 
37° C. and 50° C., while with the other growth was secured at only 37° C. 
Curd from the two cans yielding organisms on culture failed to show organ- 
isms microscopically in the examinations carried out at the time of cul- 
turing. 
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Preliminary inoculation experiments 

Preliminary inoculation experiments were carried out with the strains 
isolated, using cans of evaporated milk held at 37° C. Each of the strains 
produced coagulation in the milk. With comparatively short incubation 
periods—from five to fifteen days—this was evident in cans which were 
disturbed very little after inoculation (a) as a distinct ring of curd along 
the wall of the can at the surface of the milk, (b) as small masses of curd 
adhering to the top of the can, and (c), in some instances, as masses of 
floating curd or as a distinct layer of curd over the surface of the milk. 
The odor, flavor, and acidity of the milk were normal. There were con- 
spicuous differences in the time required for coagulation in the different 
trials. With ineubation periods of several weeks or months the milk was 
usually completely curdled ; the shortest incubation period noted as giving 
complete curdling was thirty-five days. Commonly there was a solid mass 
of curd with no whey but when the cans had been shaken occasionally dur- 
ing the incubation period the curd was more or less broken up and whey 
liberated. The odor and flavor of the completely curdled milk were com- 
monly normal although when the incubation was continued for several 
months the flavor sometimes suggested bitterness. The striking point 
shown by the inoculation experiments was that the strains isolated could 
bring about complete coagulation of evaporated milk in cans without chang- 
ing the odor or flavor. With long incubation periods at 37° C. uninoculated 
control cans of milk commonly showed considerable coagulation, which in 
the case of undisturbed cans was present at the surface of the milk and 
was most pronounced next to the tin; often there was also a change in the 
flavor of the milk. 

When the inoculated cans were opened, microscopic examinations and 
culutural tests were commonly made. For a short time after inoculation 
organisms were found microscopically but always in small numbers. As 
the incubation period increased organisms could not be found micro- 
seopically; in a number of instances spore stains were made on the milk 
but these also failed to show the organisms. Cultures were positive except 
in a very few instances. 

Coagulation also occurred in inoculated cans of milk held at tempera- 
tures below 37° C. but was conspicuously slower than that at 37° C. 


Additional cultural tests 
Several additional cans of evaporated milk, from the batch yielding the 
organism were examined microscopically and zulturally. All were nega- 
tive microscopically and all but one was negative culturally. This yielded 
an organism which showed the same general characters as the cultures 
previously secured and in cans of evaporated milk it produced the same 
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general change; in both unconcentrated and evaporated milk, however, it 
brought about a change somewhat more slowly than the other cultures. 

The isolation of an organism capable of producing coagulation in 
evaporated milk from three cans of the defective product led to the cul- 
turing of many additional cans from various batches. Since the cultures 
made with small amounts of inoculating material had been so largely nega- 
tive, a different procedure was used. A can of milk to be studied was 
opened, a rather large quantity of the milk transferred to one or more large 
test-tubes (usually 75 cc. of the milk to each of two test tubes) by means 
of a pipette to which a fine tube was attached with rubber tubing and the 
can then resealed with solder; incubation was at 37° C. Air was thus 
supplied to all of the milk originally in the can so that if a lack of oxygen 
had stopped the growth of an organism it should again find conditions 
favorable for development. 

None of the attempts yielded an organism and the evidence, accordingly, 
indicated that the type isolated was present in only certain of the cans 
from one batch of evaporated milk. In a number of instances the milk 
transferred to the tubes and that remaining in the can firmed up when held 
at 37° C.; however, microscopic and cultural examinations failed to show 
the presence of an organism. This change occurred primarily with milk 
from cans showing considerable soft curd when first opened. 


Detailed inoculation experiments with evaporated milk 


The preliminary inoculation experiments showed the general type of 
change produced in cans of evaporated milk by the three strains isolated. 
When evaporated milk was transferred to sterile test tubes under aseptic 
conditions and inoculated with one of the strains the milk curdled rapidly ; 
both microscopic examinations and cultures showed large numbers of 
organisms and the odor and flavor of the milk were distinctly objectionable. 
These results suggested that if the air supply were increased the changes 
produced in inoculated cans would be more rapid and extended. 

Trials were carried out in which two cans of evaporated milk were 
inoculated with equal amounts of a milk suspension of one of the strains 
and the cans then sealed and thoroughly shaken to distribute the organisms 
added. One of the cans was reopened, a portion (usually 25 or 50 ec.) of 
the milk withdrawn and the can resealed. The two cans were incubated at 
37° C. and occasionally shaken slightly in order to determine whether or 
not coagulation had occurred. The partly emptied can regularly firmed 
up very rapidly while the full can did not. Later the cans were cultured 
on beef infusion agar slopes and the tops removed to observe the extent of 
the coagulation. The cultures from both cans gave abundant growth. 
With a comparatively short incubation period the full can showed a limited 
amount of coagulation while the partly emptied can was firmly curdled, 
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much firmer than many of the cans from the outbreak. The milk from the 
full can showed a small number of organisms microscopically soon after in- 
oculation while with long incubation periods none could be found ; the odor 
and flavor were normal unless the incubation period was very long. The 
milk from the partly emptied can showed many organisms and the odor 
and flavor were distinctly objectionable. Essentially the same results were 
secured when the two inoculated cans were allowed to stand several days at 
37° C. before milk was removed from one of them. The trials show that 
with a greater air supply the changes produced in cans of evaporated milk 
by the strains isolated are the same as those produced in evaporated milk 
in test tubes. 

The relationship of the air space in a can of evaporated milk to the 
extent of the change produced by the strains isolated was further studied 
by using several cans in each series and removing various, but compara- 
tively small amounts of milk, from a number of them. The partly emptied 
eans regularly showed more of a change than the full cans and the more 
milk removed the more extended was the change. This relationship is 
shown in Fig. 1. 

The influence of air on the change produced in evaporated milk inocu- 
lated with the organism was also evident in comparisons of sealed and un- 
sealed test tube cultures. The test tubes were sealed by cutting them off 
about one inch above the surface of the inoculated milk, forcing a sterile 
eork almost to the surface of the milk and then pouring on sealing wax. 
In some of the trials uniform inoculation of the milk in the sealed and un- 
sealed tubes was secured by inoculating a can of milk, shaking thoroughly, 
and then pipetting milk to the test tubes while in other trials the tubes of 
evaporated milk were inoculated directly from an agar slope culture. The 
unsealed tubes regularly coagulated before the corresponding sealed tubes; 
as a rule the sealed tubes required at least several days and commonly the 
coagulation definitely began at the surface. 

Another method of showing the relationship of air supply to the change 
produced in evaporated milk consisted of inoculating two cans, resealing 
them with solder and then punching a hole in one of the cans and soldering 
over this opening a sterilized brass tube, about two inches long, that had 
a cotton stopper in the upper end. The changes occurring in the two cans 
were very different. While the milk in the sealed can showed the usual 
rather slow coagulation, no objectionable odor and flavor and very few 
organisms microscopically, the milk having the air supply coagulated very 
rapidly, developed an objectionable odor and flavor and showed enormous 
numbers of bacteria microscopically. In certain instances there was a 
membrane made up of organisms over the milk in the can with the air 
supply. 
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Additional evidence suggesting that the organism isolated was not the 
primary cause of the coagulation 

While the cultural tests indicated that the organism isolated was present 
in only certain cans of the one batch of evaporated milk, and apparently, 
was not the primary cause of the coagulation, the development of a condi- 
tion essentially like that noted in the outbreak—that is, coagulation with 
no abnormal odor or flavor—when the organism was inoculated into normal 
cans of milk suggested that it may have died in the milk that failed to yield 
it. Accordingly, attempts were made to secure additional evidence as to 
whether or not the organism had been active in the milk. 

Survival of the organism in inoculated evaporated milk. The survival 
of the organism in cans of inoculated evaporated milk was studied by inocu- 
lating series of cans, incubating them at 37° C. and then culturing a can 
from each series on beef infusion agar slopes after various holding periods. 
The results showed that the organism remained alive for extended periods 
in evaporated milk into which it had been inoculated and could be recovered 
for at least eight or ten months; occasionally a can would give negative re- 
sults when cultured but a later trial on a can from the same series would 
give positive results. Since many of the cans of milk from the outbreak 
were examined within three or four months of the date of packing it does 
not seem probable that the organism had been present in them and died. 

Soluble nitrogen in inoculated evaporated milk. The soluble and amino 
nitrogen in cans of inoculated evaporated milk were studied and com- 
parisons made with the soluble and amino nitrogen in cans of milk from the 
outbreak. The general procedure was to transfer the contents of a sixteen 
oz. ean to a flask, add two ee. of glacial acetic acid, heat in a bath of boil- 
ing water with the container stoppered to prevent evaporation, cool and 
filter; the total nitrogen and amino nitrogen in the whey were then deter- 
mined. Milk which coagulated in cans following inoculation with the 
strains isolated regularly showed higher soluble and amino nitrogen values 
than that in uninoculated cans. The increases over the controls were 
largest in the milk that had been inoculated for considerable periods but 
were very definite in milk inoculated for such short periods that only a small 
portion was curdled. The soluble and amino nitrogen values on cans of 
milk from the outbreak were essentially the same as on normal evaporated 
milk. Milk from the batch which yielded the organism was not available 
for nitrogen determinations. The results showed that the organism isolated 
very quickly caused a definite increase in the soluble and amino nitrogen in 
evaporated milk. Since no such an increase had occurred in milk from the 
outbreak, it appears that the organism was not responsible for the spoilage. 

Composition of gas in cans of coagulated milk. The composition of the 
gas in cans of milk that coagulated following inoculation with the strains 
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isolated and also in cans from the outbreak was determined by collecting 
it over water and subjecting it to the usual absorption materials. Oxygen 
and carbon dioxide were the constituents of primary interest. It was found 
that oxygen was generally absent in inoculated cans, in cans from the out- 
break and also in normal cans of milk. The inoculated cans developed con- 
siderable quantities of carbon dioxide which were greatly increased by re- 
moving some of the milk so that the air spaces in the cans were larger. 
Rather large amounts of carbon dioxide were also found in cans from the 
outbreak but the same thing was true of uninoculated cans held for con- 
siderable periods at 37° C. 


Effect of extended holding at 37° C. on normal evaporated milk 

As already pointed out when uninoculated cans of normal evaporated 
milk were held at 37° C. for considerable periods, changes regularly oe- 
eurred. These included (a) partial curdling of the milk which began at 
the surface next to the tin, (b) an increase in the color and (¢) a change in 
the odor and flavor. The extent of the changes in a series of cans were 
closely related to the lengths of the holding periods and with a holding 
period of several months, the changes were pronounced; the removal of 
some of the milk from 4 can so that the air space was increased tended to 
accelerate the changes. Various lots of evaporated milk behaved differently 
and pronounced differences between brands were encountered. Many of 
the uninoculated cans held at 37° C. were cultured on beef infusion agar 
slopes and examined microscopically but organisms were never found. 
The results suggest that there are variations in the condition of the milk 
from the standpoint of its resistance to changes by heat. Such variations 
are known to exist when the milk is exposed to sterilizing temperatures and, 
accordingly, would be expected at lower temperatures also. If there are 
variations in the rate of coagulation of milk by heat, there may be com- 
parable variations in the rate of coagulation by an enzyme; this would 
explain the variations in the time required for coagulation when the organ- 
ism isolated was inoculated into different lots of evaporated milk. 

The outbreak of coagulation supplying the milk studied occurred at a 
time when the atmospheric temperatures were very high so that a tendency 
to an instability to heat would have been much more likely to result in 
coagulation than at other seasons. 


Identity of the organism isolated 
The three strains of the organism isolated were studied morphologically, 
culturally and biochemically and identified as Bacillus cereus. Although 
B. cereus is described (1 and 4) as peptonizing milk without coagulation 
and the strains isolated definitely coagulated evaporated milk, organisms 
may bring about changes in evaporated milk that are somewhat different 
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than those brought about in unconecentrated milk. Skimmilk cultures of 
Bacillus ichthyosmius (2) have a digested appearance while evaporated 
milk cultures do not; pr: umably the high percentage of solids in the 
evaporated milk prevents the digestion that occurs from changing the gen- 
eral appearance of the milk. The organism isolated brought about rapid 
peptonization of skimmilk with very little suggestion of coagulation. 

The isolation of an atypical B. cereus from evaporated milk has been 
reported by Kelly (3); the evaporated milk showed a custard-like clot on 
top but no other change. The organism was considered atypical because 
it produced a weak neutral clot in milk and gave a viscous growth on agar 
that was shiny rather than mealy. Kelly also isolated an atypical Bacillus 
simplex and an atypical Bacillus megatherium from ecurdled evaporated 
milk. 

. The Vermont Agricultural Experiment Station (6) reported that 
Bacillus subtilis was the organism figuring most actively in an outbreak of 
coagulation in evaporated milk in which there was a non-acid curdling, the 
eurd later separating from the whey as a slimy mass. Other organisms 
were found in the spoiled milk but were not considered important. Mor- 
rison and Rettger (5) secured a relatively stable variant of Bacillus 
vulgatus in pure culture from spoiled evaporated milk from two widely 
separated sections. 


Action of the enzyme produced by the organism isolated 

Crude enzyme preparations were secured from the organism isolated by 
adding chloroform to milk cultures, shaking frequently during a period of 
several days and then filtering through a bacteria-proof filter. After cul- 
turing on beef infusion agar slopes to be certain the filtrates were free from 
organisms, the coagulating power of the preparations was tested. 

The enzyme preparations curdled litmus milk in a few days at 37° C.; 
with continued incubation the curd became firm and eventually a liquid 
separated from it. Evaporated milk, either in cans or in test tubes, was 
also curdled rapidly at 37° C. by the enzyme preparations and with con- 
tinued incubation the curd became very firm. In the control tubes of 
evaporated milk—that is, the tubes to which no enzyme preparation had 
been added—a settling out of the casein eventually occurred but the condi- 
tion was very different from that in the tubes to which enzyme preparation 
had been added. 

The effect of heat on the enzyme was shown in a number of trials by 
adding equal quantities of enzyme preparation to two tubes or cans of 
evaporated milk and heating one tube or can in boiling water for some 
time before incubating at 37° C. The milk in the unheated tube or can 
coagulated rapidly while that in the heated tube or can did not. 


: 

| 


ae 


AEROBIC SPORE-FORMING ORGANISM 229 


In some instances soluble nitrogen determinations were made on 
evaporated milk that had been coagulated by an enzyme preparation ; these 
showed that the soluble nitrogen had been markedly increased. 


SUMMARY 


In a study of evaporated milk from an outbreak of coagulation, an or- 
ganism was secured from three cans, all of which came from one batch of 
milk. This organism curdled cans of evaporated milk slowly at 37° C. 
with no change in the odor and flavor, unless the incubation period was ex- 
tended, and could be found microscopically for only a short time after in- 
oculation and then only in small numbers. If inoculated evaporated milk 
was provided with a satisfactory air supply by transferring it to test tubes, 
removing a part of the milk from a can or in some other way, the organism 
eurdled the milk rapidly, produced an objectionable odor and flavor and 
could be found in large numbers microscopically. 

Since the organism was found in only three of the many cans of milk 
examined it did not appear to be the primary cause of the outbreak. 
Additional evidence along this line is provided (a) by the survival of the 
organism in inoculated milk at 37° C. for extended periods so that it is 
improbable the organism had died in the milk failing to yield it and (b) 
by an increase in the soluble and amino nitrogen in evaporated milk that 
coagulated following inoculation with the organism while the soluble and 
amino nitrogen in milk from the outbreak were the same as in normal 
evaporated milk. 

Normal cans of evaporated milk showed changes on extended incubation 
at 37° C.; these included partial curdling, an increase in color and a change 
in the odor and flavor. 

The organism isolated was identified as Bacillus cereus. The striking 
point in connection with its action in cans of evaporated milk was the 
coagulation with no change in the odor and flavor, unless the incubation 
period was extended. 
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THE DETECTION OF INEFFICIENTLY PASTEURIZED MILK 
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INTRODUCTION 


There is a recognized need for some test which can determine, with a 
fair degree of accuracy, whether a milk has been properly pasteurized. Be- 
sides being able to determine whether a milk has been pasteurized the test 
should also detect whether the milk has been heated below the pasteurization 
temperature. In the past there has been a great deal of inefficient pasteuri- 
zation, due either to the selection of unsatisfactory time periods or to a 
failure to secure the exposures desired. Very often such pasteurization 
gives milk of fairly satisfactory keeping quality so that the deficiency is not 
readily noted. Pasteurization that is inadequate is thoroughly misleading 
and dangerous, since protection is not provided where it is expected and the 
insurance which the label affords is without any basis. 

Neither 142° F. nor 145° F. as indicated by the recording thermometers 
for the main body of milk will offset a temperature drop frequently as high 
as 8° or 9° F. and occasionally as high as 30° to 40° F. in the milk in cold 
pockets which are beyond the influence of the heating and agitating devices. 

It is, of course, obvious that the mixture of foam and milk which leaves 
the vat at the end of the pasteurization process is not safely pasteurized due 
to the fact that the temperature of the air above the milk is frequently far 
below the temperature of pasteurization as was shown by Archibald, Whit- 
taker and Leete (1). These workers found that the temperature of the 
foam was always lower than that of the corresponding milk. They found 
that the difference in temperature varied from 5° F. to 18.1° F. 

In view of these facts, public health officials have come to a realization 
that commercial pasteurization, which has been generally accepted as a per- 
feet barrier against milk-borne disease, has, in reality, numerous defects. 
From a survey of present practises in dairy laboratories, no test has been 
accepted and universally used for the detection of inefficient pasteurization. 
Bacteriological analyses have been the only means used for this purpose in 
many laboratories giving uncertain and practically worthless results. 

Received for publication September 30, 1931. 

* The latter part of this work, that dealing with tests under actual commercial con- 
ditions, was done in cooperation with the Dairy Division of the Boston Health Depart- 
ment through the courtesy of Mr. F. E. Mott, milk inspector and chemist for the City 
of Boston. 
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S. Rothenfusser (2) recommends and describes a method for the detec- 
tion of heated milk, that is milk heated to 70° C. or above, and a new method 
for the detection of pasteurization. These tests are based on the action of 
heat on certain milk enzymes, peroxidase in the first case and diastase in the 
latter. 

REVIEW OF FORMER METHODS 


In the past various tests have been proposed and some have been used 
for the detection of heated milks. Very few tests have been proposed for 
the detection of pasteurized milk. The Schardinger test (3) depends upon 
the decolorizing action of a reductase in milk. The original test was made 
with methylene blue, but later it was found that a small amount of formalin 
added made the test more sensitive. Raw milk will decolorize the reagent 
in less than 20 minutes, heated milk will take longer than 20 minutes. With 
milk heated below 65° C. the reaction is doubtful. 

The old Rothenfusser test (4) depends upon the oxygen liberating 
power of peroxidase in the presence of a peroxide and the absorption of the 
oxygen by an oxygen acceptor which can give indication of the change by 
a color reaction as in the case of guaiacol. This test is essentially similar 
to the new method proposed by Rothenfusser for the detection of heated 
milk. This test produces a blue violet coloration with raw milk and no color 
if the milk has been heated to 80° C. or over. 

Since benzidine in the presence of hydrogen peroxide is changed by 
peroxidase action into an azo-compound and a blue color is produced, the 
Benzidine test (5) has been used as a means of detecting heated milk. This 
test is of no value in testing for pasteurization. 

Nurenberg and Lythgoe (6), carrying out tests to distinguish between 
heated and raw milks by the above reactions and basing their conclusions on 
the evidence obtained from the analyses of 2500 samples, are of the opinion 
that the Benzidine and Rothenfusser tests are of no value in the detection 
of heating below 75° C. and 80° C. respectively, and therefore fail in their 
practical value. The Schardinger test was able to detect milk heated at 
63° C. for 35 minutes to milk heated at 75° C. These workers found that 
none of the above methods would detect commercially pasteurized milk three 
days after pasteurization and only the Schardinger test will detect it up to 
the second day and then only very feebly. 

The catalase test (7) is based on the effect of heat on the catalase in 
milk. In the presence of perhydrol the catalase liberates free oxygen. If 
the milk is heated to 62° C. for a short time a small amount of gas will be 
liberated, but if the milk is heated to 62° C. for one hour or 66° C. for 30 
minutes, or 68° C. for one minute no gas is liberated. The test is of no value 
if the milk is inoculated with large numbers of bacteria. The test is nega- 
tive in the presence of very small amounts of raw milk. 
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The only test, as indicated by the literature, which has been proposed 
for the detection of inefficiently pasteurized milk is the microscopic test of 
Frost (8). This test involves the staining of the cells present in milk. The 
procedure consists of mixing the milk with an equal quantity of special 
methylene blue stain, allowing the mixture to stand and then centrifuging ; 
the sediment is spread on a slide, air dried and examined under oil immer- 
sion. Raw milks show a dark background with unstained leucocytes as 
clear areas. In heated milks the leucocytes are well stained while the back- 
ground is light. 

Frost and Moore (9) applied the cellular test to 260 of the routine milk 
samples analyzed by the Chicago Health Department Laboratories during 
July, 1918. All of 47 samples of raw milk were correctly placed although 
11 showed indication of being partly heated. Of 213 samples of pasteurized 
milk only 4% were incorrectly placed, they report. Dr. K. Bailey and F. E. 
Mott, of the Boston Health Department Laboratories, have informed me, on 
the other hand, that this test as well as others which have been applied in 
their laboratories to show the extent of heating of milk at or about the pas- 
teurization temperature have been entirely unsatisfactory. 


NEWLY PROPOSED METHODS 


New Rothenfusser Method (for Heated Milk) (2) :— 

The lead serum of the milk is prepared by the addition to 100 c.c. of the 
sample the minimum excess of basic lead acetate solution (5 to 6 ¢.c.) re- 
quired to produce complete precipitation. The mixture is shaken well, cen- 
trifuged and the clear serum should then contain no fat, casein, phosphates 
or citrates, but only chlorides, sulphates and acetates of sodium, potassium, 
calcium, magnesium and a trace of lead. The pH value is 6.6-6.7, and the 
acidity is equivalent to about 1 ¢.c. of 0.25 NaOH solution, and in serum 
from fresh milk both peroxidase and diastase should be present. 

For milk heated at a relatively high temperature p-tetrol sulphite 
(stable in the dark) is used as a reagent. 

Preparation:—Add 1.45 c¢.c. of a fresh 20% solution of sodium bisul- 
phite to 100 ¢c.c. of a mixture containing 1 gram of p-phenylenediamine hy- 
drochloride in 12 ¢.c. of water, and 4 grams of crystalline guaiacol in 100 
e.e. of 96% aleohol, diluted to 150 ¢.c. with 96% aleohol. 

Test:—To 10 e.c. of the serum or milk are added 4 drops of 3% hydro- 
gen peroxide and 10 drops of the reagent. A blue color shows the absence 
of heating above 80° C. The production of no color indicates heating above 
80° C. 

Rothenfusser Pasteurization Test (2) :— 

A stable standard starch solution is prepared by grinding 10 grams of 

soluble starch (Merck & Co., according to Lintner) with 10 ¢.c. of water, 
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and adding 500 c.c. of boiling water. The mixture is boiled gently for 10 
minutes, (using an asbestos protector), 150 ¢.c. of pure glycerin (sp. gr. 
1.23) is added and a clear solution should result. Boiling is continued for 
10 minutes, then 6 grams of sodium chloride in 50 ¢.c. of water is stirred in 
and 5 ¢.c. of 0.25 N NaOH is added. The hot mixture is filtered, 250 c.c. of 
95% alcohol is added in 50 ¢.c. portions and the mixture diluted to 1000 c.c. 
with boiled water, cooled and allowed to stand for a day or two. The s;per- 
natant liquid is then decanted from any sediment and placed in  ,;lles 
which are then heated in a water bath at about 65° C. (not over) fur 30 
minutes. The starch is then ready for use in the test. 

Test :—30 ¢.c. of the milk are shaken with 1.6 ¢.c. of lead reagent in a 
centrifuge tube, 2 ¢.c. of hydrochloric acid-free chloroform are added, and 
the mixture again shaken and centrifuged. The clear serum (10 ¢.c.) is 
then mixed with 1 ¢.c. of the starch and after 15 hours incubation at room 
temperature or 34 hours at 40° C. 1.5 ¢.c. of the mixture is poured into a 
small tube and 1.5 ¢.c. of a 0.002 N iodine solution is added. A yellow color 
indicates heating insufficient to destroy the diastase. Red indicates the 
partial destruction of the diastase and blue the complete absence of active 
diastase. 


EXPERIMENTAL DATA 


In order to determine the influence of the temperature of pasteurization 
on these tests a quantity of raw milk of known purity was obtained. Nu- 
merous one pint portions were heated gradually in a water bath to the vari- 
ous temperatures listed in table 1 and held at that temperature for a period 
of 30 minutes. The milks were subjected to both the heated milk and pas- 
teurization tests. 


TABLE 1 
Effect of Temperature on the Tests 
TEMP. OF PAST. | HEATED MILK TEST PASTEURIZATION TEST 
20°C. | Blue Yellow 
40° Blue Yellow 
50° Blue Yellow 
55° Blue Yellow-gray 
56° Blue Red-violet 
58° Blue Violet 
60° Blue Violet 
63° Blue Violet 
65° Blue Blue 
70° Blue Blue 
75° Faintly Blue Blue 
g0° No Color Blue 


From the foregoing table it can easily be seen that the heating of m.ik 
cannot be detected by the peroxidase test unless the heating exceeds 80° C. 
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The diastase test, however, could detect the pasteurization of milk very 
readily as was shown by the marked difference in the color after the milk 
had been pasteurized. It was, however, impossible to detect hardly any dif- 
ference in color between milk heated at 58° C. for 30 minutes and that 
heated at 60° C. for the same period, under ordinary conditions with the 
naked eye. However, with the aid of a tintometer, which is a simple device 
cons , ting of an elongated box with an eyepiece at one end and two rectan- 
gulg, openings at the other, one for the solution to be examined and one for 
the standard solution or the standard glass slides used for matching colors, 
light being reflected through the openings by a square piece of unglazed 
glass mounted on a standard, it was possible to show the preponderance of 
red color produced by the erythrodextrin upon the addition of the iodine 
when the milk had been heated to 58° C. over that when heated to 60° C. 

The colors produced were not very clear and did not lend themselves to 
simple analysis with the tintometer. In order to produce a clearer solution 
a weaker solution of iodine was used in the test. An experiment was car- 
ried out using a 0.001 N iodine solution with the following results when the 
colored solutions were examined by means of the tintometer. 


TABLE 2 
Pasteurization Test using 1 c.c. Starch and 0.001 N Iodine 


TEMP. OF PASTEURIZATION | TIME | BLUE RED 
56°C. | 4.0 tint units 5.0 tint units 
58° 4.5 4.5 
60° 30“ | 50 40 
60° 


* a7 


From Table 2 it can be seen that the ratio of blue to red increases directly 
with the increase in temperature of pasteurization. Also the experiment 
shows that the ratio decreases with a decrease in the period of holding. 
From the results of this experiment it can be seen that an excess of starch 
solution is being used in the original test. 

Therefore the following experiment was undertaken to- determine 
whether the blue coloration produced by the excess of starch upon the addi- 
tion of the iodine solution could be eliminated and therefore not obliterate 
the red color produced by the erythrodextrin upon the addition of iodine. 

For these tests both 0.001 N and 0.002 N iodine solutions were used and 
to the 10 ¢.c. portions of the lead serum were added both 0.5 ¢.c. and 1 e.c. 
portions of the starch solution. The milks were heated to temperatures of 
55° C., 56° C., 58° C., 59° C., 60° C., and 62.8° C. and held at that tempera- 
tw. for 30 minutes. One sample was heated at 60° C. for 20 minutes. Table 
23hows the results of this experiment. 
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TABLE 3 


The Effect of Varying the Amount of Starch Solution and the Concentration 
of the Iodine Solution 


TEMPERATURE 0.5 C.c. STARCH 1 C.c. STARCH 
OF 

PASTEURIZATION 001 N 1, | 002 NI, -001 N I, | -002 N I, 
55°C. Orange | Brown Red-violet | Brown 
56° Orange Gray-brown | Red-violet Violet 
58° Red-orange | Yellow-brown | Blue-violet Blue-violet 
59° Red-orange | Yellow-brown | Biue-violet , Blue-violet 
60° Red-violet Dirty Brown | Blue-violet Blue-violet 
60.8° Blue-violet Dirty Brown Blue-violet | Blue-violet 

60° C. /20 min. Red-orange | Gray-brown Blue-violet | Blue-violet 


From table 3 it can be seen that by the use of a 0.001 N solution of 
iodine and only 0.5 ¢.c. of the standard starch solution a distinct change in 
color occurs between 59° C. and 60° C. At 60° C. the test shows a blue col- 
oration for the first time and it can be concluded that the production of any 
blue upon testing a milk by this modified test indicates adequate pasteuri- 
zation. The appearance of a red or orange color indicates insufficient time 
or temperature exposure. 

By means of a simple comparator block, having one cylindrical compart- 
ment for the small test tube containing the colored solution and a slot par- 
allel to this for the standard glass slides, the colors being compared by look- 
ing through two holes which intersect the compartments and allow the light 
to pass through, it was possible to distinguish the smallest amount of blue. 

In extensive trials carried out by a group of investigators (10) working 
with commercial equipment bovine tubercule bacilli were destroyed at 58.9° 
C. when held for 30 minutes. Milk heated at 60° C. for a period of 30 min- 
utes has generally been accepted as safely pasteurized, therefore the follow- 
ing experiment was carried out to determine the exact color produced by a 
milk so treated when subjected to the modified test. 

The milks were pasteurized in the laboratory and tested, using the 0.001 
N iodine and 0.5 e.c. of the starch solution. The resulting colored solutions 
were examined by means of the Lovibond tintometer, previously described, 
and the color standardized. It was found that the color was similar to that 
produced by the combination of 1.15 standard red tint units and 1.00 stand- 
ard blue tint units when observed by transmitted light. 


DETECTION OF CONTAMINATION BY UNDERPASTEURIZED AND 
RAW MILK 


Due to the fact that it is well known that small amountsof poorly pas- 
teurized milk often, due to poor apparatus, cold pockets or an excess of 
foam, contaminate the entire body of milk the following experiment was 
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performed to determine the practicability of the modified test as a means of 
detecting small amounts of underpasteurized milk in pasteurized milk. For 
this purpose milk heated at 51° C. and 56° C. for 30 minutes was added to 
commercially pasteurized milk in the amounts listed in table 4 and the 
modified test was applied. 


TABLE 4 
Addition of Underpasteurized Milk to Pasteurized Milk 


MILK ADDED 
TEMP. OF ADDED MILK - 
0% 1% 2% 3% 
51°C. Red-violet Orange Orange Orange 
56°C. Red-violet Red-violet Red-orange Orange 


The tests carried out in this experiment show that the modified test is of 
sufficient delicacy to detect one per cent of milk heated at 51° C. for 30 
minutes and two per cent if heated at 56° C. for the same period. 

It is, of course, necessary that the test be able to detect the smallest 
amounts of raw milk since under certain conditions cases have occurred 
where the pasteurized product has been contaminated by the addition of 
raw milk. Therefore tests were carried out to determine the amount of raw 
milk that could be detected in pasteurized milk by the modified test. 


TABLE 5 
Addition of Raw Milk to Pasteurized Milk 


RAW MILK ADDED 
0% | 1% | 2% 
Red-violet | Orange-red | Yellow 


Here it can be seen that so small an amount of raw milk as one per cent 
added to the pasteurized milk can easily be detected by the test and the 
presence of as much as two per cent gives a reaction similar to that for raw 
milk. 

For the purpose of determining whether the reaction for raw milk re- 
turned after allowing pasteurized milk to stand for a few days, the follow- 
ing experiment was undertaken :—Samples of freshly pasteurized milk of 
good quality were obtained from the pasteurizer of a reliable milk concern. 
The milk had been pasteurized at a temperature of 145° F. for a period of 
30 minutes. The samples were kept in the refrigerator and a new sample 
was examined daily. The modified test was applied and it was found that 
even after 5 days the heating could be detected. The test was not carried 
out after the fifth day. 

In conformance with the suggestion of Rothenfusser the modified test 
was carried out using an incubation temperature of 37.5° C. rather than 
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room temperature. It was found that the modified test gave results similar 
to those obtained in the previous experiments when the test solutions were 
ineubated at 37.5° C. for a period of 4 hours. 


THE MODIFIED TEST UNDER PRACTICAL CONDITIONS 


The following experiment was carried out to determine the value of the 
modified test under actual commercial conditions. Complete data have been 
obtained on 36 samples of pasteurized milk taken under the supervision of 
the Boston Health Department and 18 pasteurized milks obtained by the 
author, as well as 36 samples of raw milk collected for this work. In all 
90 samples were examined. 

Modified Test ; 30 ¢.c. of the milk were shaken thoroughly in a centrifuge 
tube with 1.8 ¢.c. of basic lead acetate, 2 ¢.c. of hydrochloric acid-free chloro- 
form added, the mixture again shaken and centrifuged for about 15 or 20 
minutes. Ten e.c. of the clear serum (unfiltered) were then mixed with 
0.5 ¢.ec. of the starch solution and incubated at 37.5° C. for a period of 4 
lours. After incubation 1.5 ¢.c. of the mixture was poured into a small 
tube and 1.5 ¢.c. of a 0.001 N iodine (I-KI) solution added. The 0.001 
(I-KI) solution was prepared by adding 1 c¢.c. of a solution containing 12.7 
grams of resublimed iodine and 18 grams of pure potassium iodide (KI) in 
1000 e.c. of water to 99 ¢.c. of water. The colored solution was immediately 
placed in the comparator block and compared with a standard slide of 1.15 
red tint units and 1.00 blue tint units. 

The appearance of blue in excess of the standard indicates heating above 
60° C. (140° F.) for 30 minutes. A distinct red or orange indicates heat- 
ing below the pasteurization temperature, insufficient holding or the pres- 
ence of small amounts of raw or poorly pasteurized milk. A yellow color 
indicates raw milk or milk heated not above 50° C. 

Of the 36 milks taken and turned in by the inspector as pasteurized all 
indicated that they were properly pasteurized by the modified test. By 
means of the comparator block those milks pasteurized at 145° F. could 
unhesitatingly be distinguished from those pasteurized at a lower tempera- 
ture due to the marked increase in the blue when the milk is treated at the 
higher temperature. All of these milks were obtained from milk concerns 
producing a milk of good quality. 

Of the 18 pasteurized milks obtained by the author, 17 could be imme- 
diately detected as adequately pasteurized milk while the other sample, 
which was a milk pasteurized in the bottle, indicated that it had been heated 
slightly below the pasteurization temperature. This was due, in the opinion 
of the author, to the process of pasteurization used. However a number of 
samples of milk pasteurized in the bottle were tested and indicated that 
they had been adequately pasteurized. 

Of the 36 raw milks examined all gave the yellow color diagnostic of a 
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raw milk. In every case the test was of such a nature as to be unhesita- 
tingly recognized as raw milk. 

From the limited number of tests carried out on actual commercial 
samples it can be seen that the test was able to detect the state of the milk 
in all of the cases. One milk reported as pasteurized but found to be 
poorly pasteurized was a milk pasteurized in the bottle and the chances are 
that the milk may have been contaminated by a small amount of under- 
pasteurized milk from the center of the bottle. Therefore the modified test, 
as indicated by this experiment, proved to be absolutely accurate. 


DISCUSSION 

Since this test depends on the effect of heat on the diastase present in 
milk observations were made to see whether diastase was actually present 
in those milks examined. Using the 36 samples of raw milk of which 18 
were certified and 18 were raw market milk all showed the presence of 
diastase. With all the samples examined in carrying out the tests under 
actual commercial conditions the test was positive. Basing conclusions on 
this work and that done by Rothenfusser and others it is safe to say that 
milk normally contains diastase. 

All other tests based on the theory that enzymes, as a rule, in contradis- 
tinction to inorganic catalysts, are destroying at temperatures somewhat 
below 100° C., fail in the detection of inefficiently pasteurized milk due to 
the fact that the enzymes involved are not affected by the pasteurization 
temperature. On the other hand the hydrolysis of starch by diastase takes 
place in a number of steps the rate of reaction depending on the amount 
and activity of the diastase. In the vicinity of the pasteurization tempera- 
ture the activity of the milk diastase is attenuated. Above the pasteuriza- 
tion temperature the diastase is destroyed. The soluble starch used in the 
test is converted to erythrodextrin, the erythrodextrin is further hydro- 
lyzed to a and B achroddextrin, and these dextrins are finally completely 
hydrolyzed to maltose. These several products of hydrolysis of starch give 
different colors with iodine and explain the varying shades of blue, laven- 
der and red observed when the hydrolysis of starch is followed by the addi- 
tion of iodine. In the modified test the reagents have been so limited that 
the starch is entirely converted to the dextrins and maltose when acted 
upon by diastase heated just below 60° C. and gives a red or orange color 
upon the addition of iodine. 

Due to the somewhat delicate nature of the modified test there are a few 
important and fairly simple precautions which ought to be taken in carry- 
ing out the test in order to obtain uniform results. 

(1) Since the test depends upon the action of exceedingly small amounts 
of diastase in the milk the introduction of diastase from external sources 
will result in spurious conclusions. For this reason the author recommends, 
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although it is not entirely necessary if care is taken, the use of calibrated 
test tubes in order to avoid the use of pipettes, since the introduction of the 
distinctly hydrolytic enzyme, ptyalin, from the saliva will change the re- 
action. For measuring the starch glass stoppered burettes with fine bore 
could be used. 

(2) All apparatus which comes in contact with the milk or the serum 
must be free from any acid. All the reagents employed must be acid-free. 
This precaution must be taken since small amounts of acid will cause the 
hydrolysis of the starch. Pure laboratory reagents may be used but simple 
tests should be carried out to detect the presence of any acid. 

(3) In order to get uniformity of results very little time should be lost 
in examining the colored solution upon the addition of the iodine. It is 
necessary to observe the color immediately since the color tends to fade. 

(4) Since the diastatic activity very slowly increases, it is advisable 
that the milks be examined not more than twenty-four hours after pas- 
teurization. 

Although these few precautions may appear to be very bothersome, in 
actual practice they can be observed by employing the customary amount 
of laboratory care. The author, in carrying out the experimental work of 
this paper, found it of practically no difficulty to observe these few simple 
precautions. 

From the work done on the original Rothenfusser test for pasteurization 
in the first experiment it can be seen that this test for pasteurization does 
not serve satisfactorily as a means for detecting the degree of pasteurization. 
The second experiment using the weaker solution of iodine did, to a certain 
degree, indicate the degree of heating with the use of a tintometer. How- 
ever, this modification of the test would not be satisfactory for practical use 
due to the fact that the cost of a tintometer and set of standard slides would 
be entirely prohibitive for the average dairy laboratory. Moreover, the 
time involved in the matching of the colors by this method is very long and 
this fact alone detracts from its value since little time should be lost in 
matching the color. 

The modified test using the 0.001 N iodine solution and only 0.5 c¢.c. of 
the standard starch solution eliminates the use of this apparatus entirely 
and substitutes a very simple piece of apparatus which can be constructed 
very easily in the laboratory and with the aid of a standard slide equivalent 
to the combination of 1.15 red tint units and 1.00 blue tint units can detect 
whether milk has been heated adequately from a public health standpoint. 
If the test is to be carried out without regard for precision or on milks 
which have been heated above the minimum pasteurization temperature the 
use of the block and the standard glass slide is unnecessary and the pro- 
duction of any blue color in the test solution is a fairly accurate indication 
of adequate pasteurization. 
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In all of the tests carried out on actual commercial samples the use of 
the comparator block and the standard glass slide was unnecessary since 
almost all of these milks had been pasteurized at a temperature of about 
144° F. as indicated by the recording thermometers. The positive test, 
as indicated by the production of blue, at this temperature is so character- 
istic that the test need not be carried further. 

That the modified test has its advantages over those tests previously 
used is shown by the results obtained in the various experiments carried out 
in this work. In contradistinction to the microscopic test, milk heated very 
slightly below the pasteurization temperature could be easily detected and 
milk held at a satisfactory temperature but for an inadequate period of 
time could also be detected. Although the modified test could not detect 
such small amounts of raw milk in pasteurized milk as the catalase test is 
capable of (0.25 per cent), the modified test can detect as little as one per 
cent. Moreover, the modified test can detect small amounts of poorly 
pasteurized milk in the pasteurized products. As indicated by the litera- 
ture none of the reported tests are sufficiently delicate for this purpose. 

Unlike the Schardinger test and the catalase test the modified test is 
not markedly influenced by bacterial action. This was iliustrated by the 
tests carried out on commercial samples. No precautions were taken to 
keep the milk clean, on the other hand, many of the tubes used for the 
eolleetion of the samples were unusually dirty. The milk was kept in these 
tubes for a period of about 24 hours before testing and from the results of 
the tests it can be seen that no action was produced by the bacteria. As 
indicated by the tests carried out to see how long after pasteurization the 
test was applicable it can be seen that the bacterial action is very slow. 


CONCLUSIONS 


(1) The Rothenfusser test for heated milk can detect milk heated at 
80° C. or over but is unable to detect pasteurization. 

(2) The new Rothenfusser test for pasteurization while being able to 
detect pasteurization is not sufficiently delicate to detect whether milk has 
been slightly underpasteurized or not. 

(3) The test as modified, using 0.001 N iodine solution and only 0.5 e.c. 
of the standard stable starch solution, can detect milk heated below 60° C. 
for 30 minutes or milk heated at 60° C. for less than 30 minutes. 

(4) The modified test can detect as little as one per cent of raw milk 
in the pasteurized product and can also detect small amounts of slightly 
underpasteurized milk in pasteurized milk. 

(5) The modified test is not easily affected by bacterial action. 

(6) The modified test produces, as was shown by actual commercial 
application, very satisfactory results in the detection of inefficiently pas- 
teurized milk. 
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FAT METABOLISM IN THE LACTATING GOAT 


R. C. BENDER anp L. A. MAYNARD 
Laboratory of Animal Nutrition, Cornell University, Ithaca, N. Y. 


In a recent study in this laboratory (1) it was shown that the removal 
of most of the fat from a ration by benzine extraction of the grain mixture 
and its replacement by an isodynamie amount of starch resulted in a low- 
ered milk and fat yield, accompanied by a lowering of the fatty acids and 
cholesterol in the blood plasma. 

In view of the results obtained it seemed desirable to study the effect of 
a more complete removal of the fat, involving the roughage as well as the 
grain. It also seemed desirable to get more specific proof that it was the fat 
itself of the benzine extract which was responsible for the changes noted. 
The question as to whether some specific fat was particularly concerned also 
arose in view of the work of Burr and Burr (2, 3) showing that certain spe- 
cific fatty acids are essential for the growth of rats. 

Since it seemed impracticable, because of the expense involved, to use 
cows in such studies which would involve the use of certain purified foods 
and vitamin concentrates, it was decided to test out the suitability of goats 
for the purpose. The present paper reports the results of our first series of 
studies with goats in which the experiments with the cows have been re- 
peated at a lower fat level and in which a limited amount of data has been 
obtained with specific fats. 


EXPERIMENTAL PROCEDURE 

The plan of the experiment called for a ration consisting of a grain mix- 
ture from which the fat could be completely removed and replaced by either 
starch or an oil, and of a combination of ingredients of minimum fat con- 
tent which could serve as the roughage portion. As a result of several pre- 
liminary experiments a combination consisting of 55 per cent of beet pulp, 
25 per cent of corn cobs and 20 per cent of molasses was selected as this 
roughage portion. This combination was readily eaten by the goats in the 
amounts desired and contained only 0.63 per cent of ether extract of which 
presumably less than half was digestible fat. 

The grain mixture was made up according to the following formula: 


20 per cent wheat bran 
12 per cent ground soy-beans 
25 per cent linseed oil meal 
28 per cent hominy feed 
15 per cent cottonseed meal, 43 per cent protein 
Received for publication October 5, 1931. 
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An amount of the above sufficient to last through the whole experiment was 
mixed and one portion of it was set aside as the normal grain mixture. The 
other was extracted by the benzine process to provide the low-fat mixture 
to which could be added starch or oil in amounts isodynamically equivalent 
to the fat removed. The fat which was removed was replaced by an equi- 
caloric amount of starch for the low-fat ration. 

A linseed oil mixture was prepared by adding sufficient of this oil to the 
extracted feed so that the resulting mixture contained a percentage of fat 
equivalent to that of the normal grain mixture. A mixture containing 
cocoanut oil was similarly prepared. An opportunity was thus provided 
for studying whether the lower yields caused by the substitution of starch 
for the material extracted by the benzine was due to a lack of fat itself. 

Linseed oil was used since it is a commonly occurring one in dairy feeds. 
Cocoanut oil was selected for comparative purposes to obtain preliminary 
information as to whether the nature of the oil, particularly its state of sat- 
uration, was in anyway significant. The desirability of obtaining data on 
this question was suggested by the recent work of Burr and Burr (2, 3) 
who have reported that a minimum amount of fat is necessary for the 
growth and health of rats and that only certain unsaturated fatty acids, 
notably linolic, are effective. Linseed has an Iodine Number of 175 to 202 
and is rich in linolie acid. Cocoanut oil is much more saturated with an 
Iodine Number of 8 to 10 and with a minimum of linolic acid. The oils’ 
used were refined products but not deodorized. 


TABLE 1 
Analyses of feeds 
CRUDE PROTEIN | CRUDE FIBER | ETHER EXTRACT 
FEED PER CENT PER CENT PER CENT 

8.50 | 20.00 1.00 
Corn-cob meal 3.07 34.59 0.31 
Molasses .. 4.00 
Normal grain mixture 25.35 8.01 6.81 
Low-fat grain mixture and starch ........ 23.47 | 7.42 0.244 

Linseed oil ... 25.35 8.01 6.81 

Cocoanut oil 25.35 8.01 6.81 


The analyses of the various feeds are shown in table 1. These various 
grain mixtures were fed in different periods to four goats as is shown in 
table 2 and the charts following. 

The ration for each animal was calculated on the basis of the require- 
ments for cows as set forth in the Morrison Standard. However, the 
amounts provided in each case at the start of the experiment were some 15 


1 These oils were supplied for this work through the courtesy of Spencer Kellogg & 
Sons, Inc., Buffalo, N. Y. 
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per cent in excess of those called for by the standard and these amounts 
were not changed throughout the experiment. In view of our lack of knowl- 
edge as to the requirements of goats and the possibility of a depressed di- 
gestibility with certain of the combinations, it seemed desirable to provide 
this presumably excessive allowance to make certain that the possibility of 
a deficiency of either digestible protein or total digestible nutrients could 
be dismissed in interpreting the results. The intakes of nutrients are shown 
in table 2. 


TABLE 2 
Average daily intake of nutrients by periods 


DIGESTIBLE TOTAL DIGESTIBLE TOTAL ETHER 
GoaT PERIOD _ PROTEIN GMS, NUTRIENTS GMS, | EXTRACT GMS. 
Normal 160 1020 | 49.8 
eae Low-fat 158 1048 6.9 
Normal 158 ‘ 1013 49.7 
Normal 160 1020 49.8 
Low-fat 124 850 | 6.2 
Linseed 143 904 43.4 
Low-fat 153 1012 6.7 
| Linseed 158 1013 48.4 
© Low-fat 158 | 1048 6.9 
Cocoanut 158 1013 48.4 
| 
Low-fat | 155 1018 6.7 
| Linseed 158 | 1013 | 48.4 


It is noted that the intakes of digestible protein and total digestible nu- 
trients were substantially constant for a given animal in each period with 
the exception of goat B. In the first part of the low-fat period this animal 
refused a portion of its feed and thus the average figure for the period is 
low. During the subsequent linseed period it received the same amount it 
was eating at the close of the low-fat period. In both of these periods, how- 
ever, the animal ate more than its requirements by the Morrison Standard. 

It is noted in table 2 that during the low-fat periods the intake of ether 
extract was less than 7 grams per day of which presumably less than half 
was actually digestible fat, whereas the normal and oil rations supplied 
seven times as much ether extract which was principally fat and presum- 
ably highly digestible. 

A typical day’s ration for a goat receiving the normal or one of the oil 
rations was as follows: grain, 634 grams; corn-cob meal, 226 grams; beet 
pulp, 453 grams; molasses, 136 grams. On the low-fat ration the goat re- 
ceived the same amount of corn-cob meal, beet pulp and molasses with a 
sufficiently larger amount of grain to make up for the smaller amount of 
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total digestible nutrients supplied due to the substitution of starch for fat. 
In addition to the ration as listed above, each animal received daily 25 
grams of a mineral mixture consisting of equal parts of bone meal, lime- 
stone and salt, and 25 grams of extracted yeast. The latter was given to 
make certain of an ample amount of vitamin B for lactation. 

In addition to the food intakes which have been referred to, the data 
obtained included the following: weights of animals, yield and fat content 
of milk, the total lipids, phospholipids and cholesterol of the blood plasma, 
and the saponification number and the iodine number of the milk fat. The 
phospholipids represent an additional determination not made in the work 
with cows by Maynard and McCay (1). It was included in view of the spe- 
cial importance attached to this group in milk secretion. It was determined 
as lipid phosphorus by the Denigés method (4) as modified by MeCay (5). 
The phosphorus was calculated to phospholipid on the basis of the formula 
for lecithin, C,,H,,.NPO,,4H,O. The other blood lipids were determined 
as in the earlier report (1). The iodine number was determined by the 
Hanus Method. The saponification number, also a determination not made 
in the previous study, was determined by official method of the Association 
of Official Agricultural Chemists. 


RESULTS 
The weights of the animals are shown in chart I. The curves are plotted 
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CHart I. Bopy WEIcuT or Goats 


on the basis of average values of two weights in each five-day period. It is 
noted that all of the animals gained in the course of the experiment. This 
is evidence that the rations fed were more than adequate for milk produc- 
tion in all cases. The heavy vertical lines on each weight curve indicates 
the point at which the goat ration was changed. The diet a goat received 
may be determined from charts II to V. It is observed that goat B 
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dropped in weight after going off feed. Weight increased again when appe- 
tite picked up in the latter part of the low-fat and subsequent linseed 
period. 
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The results of the milk and blood studies are presented in Charts II to 
V, one chart containing the data for each goat. In all the curves except 
those for blood lipids, each point is plotted in the middle of the 5-day period 
for which it represents an average value. The heavy vertical lines in the 
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charts mark the times when a change of ration was made. These changes 
were made abruptly. The distinguishing feature of each ration is noted at 
the bottom of the charts. 

The data for milk and fat yield will be discussed first. In considering 
these data it should be borne in mind that the normal trend of the curves 
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Cuart III. OBTAINED WITH GoaT B 


would be downward with the possible exception of a short period at the 
start when the normal trend may have still been upward in view of the 
short time which had elapsed since freshening. It should also be noted that 
since the points of the curves are plotted in the middle of the five-day pe- 
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riods any change in trend due to a change in ration should be looked for 
following the last point plotted for a given ration and not at the vertical 
line separating ration periods. 

It is shown in chart II that Goat A was fed the normal grain mixture for 
20 days, changed to the low-fat mixture for 25 days and then placed back 
upon the normal ration for 35 days. It is clear that the change to the low- 
fat mixture resulted in a lowered milk and fat yield which was followed by 
a rise when the normal mixture was restored. No definite trend is evident 
in the curve for fat percentage. This is the same picture that was found by 
Maynard and MeCay (1). 

In chart III a more marked drop is shown in yield of milk and fat dur- 
ing the low-fat period. The yields at the close of the period are less than 
half what they were during the period with the normal mixture. A sharp 
drop in fat percentage is to be noted during the first five days. Upon the 
substitution of linseed oil for the starch in the low-fat ration, the marked 
and continuous drop in yield of milk and fat is replaced by a small but con- 
tinuous rise throughout the period. This is interpreted as a positive effect 
for the oil. The fat percentage tends to be higher during this last period 
but the data are too variable to be significant. 

In chart IV there is a rise in milk and fat yield during the first part of 
the low-fat period. This is contrary to all our other data with both cows 
and goats. Perhaps this animal which had been fresh only 19 days when 
placed on experiment had not reached the peak of her lactation which nor- 
mally oceurs in the cow during the first 30 days after parturition. During 
this period it is recognized that underfeeding has much smaller effect than 
later. This is a possible explanation why the behavior here was different 
from what we have found in the other cases. It seems probable, particu- 
larly in view of the results for Goat D which are discussed later, that the 
drop would have oceurred had the short period of observation been ex- 
tended. These unexpected data in the low-fat period also make the results 
for milk yield during the linseed period difficult of interpretation. The 
fact that the milk yield remained constant could be interpreted as a favor- 
able effect for the oil, provided the animal had passed through her peak 
period and that the normal trend would thus be downward. But if this was 
not the case, the oil may have had no effect. The results for per cent fat 
and fat yield are more definite since the trends are definitely upward dur- 
ing the period. 

In the second low-fat period the usual marked fall in milk and fat yield 
is noted with a lesser drop in fat percentage. Upon the substitution of the 
eocoanut-oil ration the drop in milk yield is replaced by a rise. The drop 
in fat yield ceases but there is no rise because the trend of the fat percent- 
age is downward. This one trial suggests a positive effect for the cocoanut 
oil on milk yield but the data are too limited to constitute proof. 


iy 


FAT METABOLISM IN THE LACTATING GOAT 249 


Goat D (chart V) had been fresh only 10 days when placed on the ex- 
periment and, in view of the results obtained with Goat C, she was kept 
upon the low-fat ration for a longer time accordingly. For 20 days her 
milk and fat yield remained unchanged and then they dropped markedly 
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throughout the remainder of the period. Upon the change to the linseed 
ration the downward trends in milk and fat yield cease and the percentage 
of fat rises. However the changes here are not marked. 

A striking feature of all the data for milk and fat yield is the very large 
and continuous decreases which occurred, with one exception, during the 
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low-fat periods, despite the fact that each animal continued to receive a 
ration in excess of the requirements of her production throughout the pe- 
riod. These decreases range from 25 to 55 per cent for milk yield and 35 to 
70 per cent in fat yield over periods from 15 to 40 days in length. They 
are much larger than have occurred in our cow experiments and presumably 
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represent the effect of the more complete removal of the fat from the ration. 
The figures cited indicate that the fat yield decreased more than the milk 
which means that the fat percentage decreased also. This is a different find- 
ing from that obtained with the cow studies. In the latter a sharp drop in 
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milk yield was frequently accompanied by a tendency of the fat percentage 
to rise. 

In the three cases where the low-fat period was followed by one in which 
linseed oil or cocoanut oil was fed, the large and continuous decreases men- 
tioned above ceased and were replaced by increases in yield of milk or fat 
or both. While these increases are small, they represent marked changes in 
the trends of the curves which occurred in opposition to the normal trend 
of advancing lactation, and as a result of the substitution of fat for carbo- 
hydrate in a ration which supplied total digestible nutrients far in excess 
of the requirements. In view of these considerations the data are consid- 
ered to indicate a positive effect for the oils. It is recognized that this phase 
of the work is unsatisfactory because of the few animals and short periods 
involved. It is planned to continue these studies. 

In no ease did the oil cause as large an increase in milk and fat yield as 
in the one case where the low-fat ration was replaced by the normal one. 
This limited observation may indicate that some other benzine-soluble con- 
stituent besides fat is involved, a question which is being further studied. 

The curves for the blood lipids in the various charts reveal marked 
changes with the changes in ration. A significant feature shown throughout 
is that the curves tend to parallel each other as the values rise and fall, indi- 
eating a close metabolic relationship among these three lipids. The phos- 
pholipids, which are considered to have a special significance in fat secre- 
tion, exhibit the same changes as the others. The picture shown in chart II 
is similar to that found for cows (1). The various blood lipids drop during 
the low-fat period and rise during the following normal period, as does the 
milk and fat yield. In the other charts the data in general show a drop for 
the blood lipids during the low-fat period followed by rises with the changes 
to the oil rations. There is no difference between the linseed oil and the 
cocoanut oil as regards its influence upon the blood picture. 

The striking feature of the curves for the milk fat constants is the in- 
verse relationships shown. As the iodine number goes up the saponifica- 
tion does down, and vice versa. It is shown in chart IT that the low-fat 
ration resulted in the secretion of a more saturated fat of a lower molecular 
weight than where the ration of normal fat content was employed. The 
same is shown in chart III, with the exception of the one set of values in 
the low-fat period when this goat was off-feed. Here a striking temporary 
change is shown where reserve fat was being drawn upon to supply the 
milk. Engel (6) and Henriques and Hansen (7) have shown that the 
iodine number of the milk fat rises during inanition and Maynard and 
McCay (1) report a similar observation. In our data it is shown that this 
is accompanied by a fall in the saponification number. 

It is seen in the charts that the linseed oil resulted in a fat similar to 
that produced upon the normal ration. On the other hand the feeding of 
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cocoanut oil produced no changes in either the iodine or saponification num- 
ber from the values found upon the low-fat ration. These results were 
not unexpected. 

A significant feature of the data for the fat constants is the rapidity 
with which the changes oceur upon a change of ration. This suggests that 
when the ration is adequate in amount it furnishes the materials from which 
milk fat is made without the intervention of the fat depots. 


SUMMARY 

In four out of five cases, the feeding of a ration containing a super- 
abundance of protein and total digestable nutrients, but only 0.45 per cent 
of ether extract, resulted in decreases in milk yield ranging from 25 to 55 
per cent and in a fat yield from 35 to 70 per cent over periods from 15 to 
40 days in length. In the fifth case, in which the low-fat ration was fed for 
15 days shortly after freshening, no decrease in yield occurred. 

The substitution for the low-fat ration of an equicaloric ration con- 
taining approximately seven per cent of ether extract caused the yield of 
milk and fat to rise. In three cases the substitution of linseed oil or cocoa- 
= nut oil for an equicaloriec amount of starch in the low-fat ration caused 
the downward trends in milk and fat yield to cease and small increases in 
either milk or fat yield resulted. In a fourth case, where the linseed oil 
ration followed the period of low-fat feeding in which no decreases in yield 
occurred, no change in milk yield resulted but the yield of the fat rose. 
These limited observations with the oils are interpreted to indicate that at 
least one of the causes of the lowered yields on a benzine-extracted ration 
is a lack of fat per se, but it is recognized that this question requires fur- 
ther study. 

Periodic studies of the blood lipids revealed marked changes which in 
general followed the changes in fat intake. In all cases the curves for 
total lipids, phospholipids, and cholesterol exhibited a marked parallelism 
as the values rose and fell under the influence of the various diets. A close 
metabolic relationship was thus indicated. 

The low-fat diet and the cocoanut oil diet resulted in the secretion of a 
fat which was much more saturated and lower in molecular weight than was 
produced on the seven-per cent fat ration or the linseed-oil ration. The 
curves for the iodine number and saponification number exhibited an in- 
verse relationship throughout as the animals were shifted from one ration 
to another. The changes in these constants occurred sharply with the 
change in ration in such a manner as to indicate that, with a ration ade- 
quate in total digestible nutrients, the secretion of fat occurs with little 
intervention from the fat depots. 
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RELATION OF TEMPERATURE OF ICE CREAM TO THE 
DISTRIBUTION OF CERTAIN OF ITS COMPONENTS 
BETWEEN THE LIQUID AND SOLID PHASES 


WILFORD C. COLE 
University of California, College of Agriculture, Davis 


INTRODUCTION 


The freezing of ice cream results in physical changes, most important 
of which, from the point of view of the texture of ice cream, is the manner 
in which the ice is formed. 

Many discussions on ‘‘freezing ice cream’’ deal largely with factors 
affecting the whipping properties of mixes, but give little consideration to 
the actual freezing itself. Literally speaking, freezing does not start until 
ice begins to form and is not completed, providing the temperature is 
lowered sufficiently, until all of the free water has been changed to ice. 
This report is confined largely to a consideration of the relation of tem- 
perature to the distribution of various components of the mix between the 
liquid and solid phases. The amount of ice formed at certain temperatures 
and the rate at which crystallization takes place are considered in relation 
to their influence upon the quality of ice cream manufactured under com- 
mercial conditions. It is recognized, however, that ice cream texture is 
influenced by factors other than methods of freezing. 


HISTORICAL 

Hall (1), by observing changes in the temperature of a given amount of 
water due to the addition of ice cream of known temperature and weight, 
was able to calculate approximately the amount of ice formed at different 
stages in the freezing process. In addition he found, unless excessive 
overrun interfered, that the harder the ice cream was frozen in the freezer 
the smoother was the texture of the finished product. 

Zoller (2) reported the use of calorimetric measurements as a means of 
ealeulating the amount of ice formed at different stages in the freezing 
process. Definite temperatures were not given fo: the stages of freezing 
reported. In addition he constructed a curve from calorimetric data show- 
ing the relation of temperature to the total heat capacity of ice cream. 

Leighton (3), as a result of freezing point determinations, devised a 
means of calculating the amount of ice formed in ice cream. He assumed 
as a basis for calculation that ice was the only component separating out 
during the freezing process and that water removed as a result of evapora- 
tion under reduced pressure had the same effect upon the freezing point 
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of the liquid remaining as the removal of an equal quantity of water in 
the form of ice. 

Dahlberg (4) using the method outlined by Leighton calculated the 
amount of water and ice which would be present at various temperatures 
in ice cream containing 12 per cent fat, 10 per cent milk solids-not-fat and 
14 per cent sugar. 

A search of the literature has failed to reveal any report of attempts to 
separate the liquid phase of ice cream from its solid phase, by applying 
centrifugal force or by the use of a pressure filter. In this study both of 
these methods were employed. 


METHODS 

Most of the observations were made using a standard ice cream mix 
caleulated to contain 11 per cent fat, 10.5 per cent milk solids-not-fat, 15 
per cent sugar and 0.35 per cent gelatin, (Bloom Test 245). 

Temperatures for both cooling and melting curves were obtained by 
using either a twenty-junction copper-constantan thermocouple or by the 
use of an accurate thermometer graduated in 0.1° C. covering the desired 
range. In the former case the constant temperature junction was main- 
tained at 0° C. with a maximum variation of + 0.01° C. as determined by 
a certified Beckmann thermometer. The zero current flow method of mea- 
suring E. M. F. was used in which a Leeds and Northrup type K potenti- 
ometer and sensitive galvanometer were employed for the determinations. 

For the melting determinations about 40 grams of the ice cream were 
placed in a cylindrical copper container. Around this cylinder, but elec- 
trically insulated from it, was a coil of high resistance wire, with copper 
leads, which could be attached to a battery as a source of current. Current 
flow in some cases was applied as a source of heat thereby increasing the 
rate of melting. This cylinder containing the sample was then placed 
inside of a silvered Dewar tube and the latter in turn placed inside of a 
larger Dewar tube. Both tubes were stoppered but provision was made 
for the insertion of the thermometer or the copper leads and the thermo- 
couple. This served as a means of obtaining the desired rates of heat ab- 
sorbed by the samples. 

Centrifugal foree was used in the first attempts to separate the ice 
from the liquid portion of the ice cream. The centrifuge used was sta- 
tionary, and the lack of facilities to maintain the desired temperature while 
centrifuging the sample made it necessary to abandon this method for one 
employing the principle of filtration. 

A modification of the Columbia filter proved satisfactory for filtering 
ice cream which was not too low in temperature, but the cylinder was not 
constructed to withstand pressures exceeding 200 to 300 pounds per 
square inch. 


. 
= 


256 WILFORD C. COLE 


Filtering at low temperatures required the use of pressures in excess of 
500 pounds per square inch in some cases, consequently, a special cylinder 
was made to withstand pressures up to 1,000 pounds per square inch. One 
end of the filter was perforated and provision made to retain a sheet of 
filter paper on top of the perforations. A hydraulic press was used to 
apply pressure to the piston which moved in the cylinder. The capacity 
of the cylinder was approximately one pint. It was found that Whatman 
No. 40 filter paper proved satisfactory since it retained the ice crystals and 
allowed most of the liquid portion of ice cream to pass through. | 

The liquid portion passing through the filter, and the portion retained | 
on the filter, as well as a portion of the original samples, were analyzed for 
fat, protein, lactose, ash and total solids. Sucrose and moisture were then 
ealeulated by difference. The fat and total solids were determined by the 
Mojonnier method, protein was caleulated from Kjeldahl nitrogen determi- 
nations, lactose was determined by the gravimetric method using Munson 
and Walker tables and ash by the method described on page 260 of Meth- 
ods of Analysis, A. O. A. C. (1925). Analyses were always run in dupli- 
eate and, where necessary, triplicate analyses were made to assure satisfac- 
tory checks. 


EXPERIMENTAL 

Cooling and melting curves were studied because it was thought that 
the type of curve would be an indication of the amount of ice formed when 
cooled over a given temperature range. It is a demonstrated fact that for 
every pound of ice formed under standard conditions approximately 144 
= B. T. U. are liberated, the exact amount depending upon the temperature at | 

4 which the ice is formed. No standardized calorimeter was available, con- 
sequently, the results of these observations cannot be used for calculating (\ 
quantitatively the amount of ice formed at any one temperature. 

Standardizing the Thermocouple—The thermocouple used was stand- | 
ardized and figure 1 represents the relation between the temperature ex- 
pressed in °C. and the E. M. F. of the thermocouple, expressed in micro- 
volts. It will be noted that it is almost a straight line relationship. This | 
chart was used to convert the E. M. F. reading of the thermocouple 
through the potentiometer to °C. in obtaining the data for the cooling and 
melting curves. 

One of the melting curves is reproduced in figure 2 as an example of 
the type of curves obtained. Since the rate of heat absorption was nearly 
constant over the total range, the time required to effect one degree rise in 
temperature at one part of the curve as compared to the time required to 
obtain the same temperature rise at another part of the curve was an indi- 
cation of the relative heat capacities of the ice cream at the temperatures | 
in question. This in turn indicated the relative amounts of ice formed and 
was reflected in the slope of the curve. 
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The filtering process was used over a temperature range from —11.1° C. 
(12° F.) to —3.3° C. (26° F.). The time required to filter varied from a 
few minutes at the higher temperatures to several hours at the lower tem- 
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peratures. The residue in each case was a fairly solid mass at the filtering 
temperature, but at room temperature resembled whole milk or milk which 
had been watered. The filtrate on the other hand was fluid at the filtering 
temperature. At the lower temperatures it was very viscous, and flowed 
only slowly. 

The data obtained from the chemical analysis of the samples of filtrate 
and residue were used in two considerations: (1) As a basis for determin- 
ing whether or not differences in temperature during the freezing process 
influence the amount of the components other than moisture which appear 
in the solid phase. (2) As a basis of estimating the relation of tempera- 
ture to the amount of ice which separates during freezing. 

Filtering Ice Cream—Much more satisfactory results were obtained 
with the filter than with the centrifuge. The temperature could be con- 
trolled and the separation of the ice was more complete in the former. 

It was not possible, however, to obtain a filter which would be selective 
for ice, lactose, fat or any other component of the mix. Selection was con- 
fined to choosing either a fine, medium or coarse filter. Obviously this 
selection was arbitrary, since filters are available with openings ranging in 
size from those which will retain molecularly dispersed sucrose to coarse 
filters used for qualitative analysis. In addition, filter cloths and other 
coarse filters are used for some purposes. 

It was decided that a quantitative filter paper would be satisfactory. 
This would not retain substances in the colloidal realm but would prevent 
ice from passing through. 


PROPORTION OF VARIOUS COMPONENTS PASSING THROUGH FILTER 


Table 1 gives the percentages of the various components which passed 
through the filter at different temperatures. It will be noted that at the 


TABLE 1 
Percentages of the various components of ice cream present in filtrates at different 
temperatures* 
SAMPLE NUMBER 91 93 95 97 
FILTERING —3.33° C. —4.55° C. —6.78° C, —11.11° C. 
TEMPERATURE (26.0° F.) (23.8° F.) (19.8° F.) (12.0° F.) 

98.7 93.5 89.4 71.9 
ase 
Protein... | 99.0 949 | 889 70.3 
Lactose ......... | 97.6 93.3 89.7 69.8 
= = 4 | 
| Sucrose ......... 96.9 94.8 90.4 | 71.7 
Be ~ | Total solids... 96.7 94.6 89.2 71.6 
| 
£55 | Water ........ 82.7 57.3 425 | 230 


* The freezing point of the mix used in this series was —2.58° C. (27.4° F.). 
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lower temperatures less of each of the components passed through the filter, 
but that the percentages of fat, protein, lactose, sucrose, and total solids 
passing through at any one temperature were practically the same. The 
percentage of the original moisture, however, which appeared in the filtrate 
at each of these temperatures was very different from the percentages of 
other components. 

Because of the nature of the various components present in ice cream 
it cannot be assumed that all of the residue at the various temperatures 
represents the solid phase. The sucrose is almost certain to be in solution 
and since the percentages of the components other than moisture present in 
the original sample which appear in the filtrate at each of the tempera- 
tures are practically the same as the percentage of the sucrose, it seems safe 
to assume that the lower temperatures have not caused any of the compo- 
nents except water to crystallize out. 

In a normal ice cream mix butterfat has already solidified before freez- 
ing begins, but it is so finely dispersed that it takes on certain colloidal 
properties. No attempt was made to determine what changes took place 
in the proteins of the mix as a result of the low temperatures. Lactose in 
the mix was in sufficient concentration to be super-saturated at the low 
temperatures. Had crystallization taken place, however, part of the lac- 
tose would have been retained on the filter and there would have been a 
difference in the percentage of lactose passing through the filter at various 
temperatures as compared with the percentage of other components appear- 
ing in the filtrate. Lactose crystallization can be expected to occur over 
the temperature range studied providing sufficient time is allowed for equi- 
librium to be established. 

In this comparison the time between drawing the ice cream from the 
freezer and the completion of filtering varied from a few hours at the higher 
temperatures to a maximum of two days at the lower temperatures. It 
would seem that the interval of time was not sufficient to allow for lactose 
crystallization to occur over this temperature range with the concentrations 
employed. 


FRACTION OF THE ORIGINAL SAMPLE RETAINED AS RESIDUE 


Data on the weights of the residues at different temperatures compared 
with the weights of the original samples are reported in table 2. As was 
expected, greater percentages of the sample were retained as residues when 
lower temperatures of filtering were employed. Curve A of figure 3 also 
represents, for one sample, the relation of temperature to the percentage of 
the sample retained as residue. 


AMOUNT OF ICE FORMED AT DIFFERENT TEMPERATURES 


It was apparent from the appearance of the residues that all of the 
liquid had not passed through the filter, and that because of the difficulties 
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TABLE 2 } 
Effect of Temperature upon Amount of Residue and upon Ratio of Residue to Filtrate | 
WHICH SAMPLES TEMPERATURE 100 | ren 100GnAMS| RESIDUE TO 
WERE OBTAINED > a OF SAMPLE OF SAMPLE FILTRATE 
| — 3.88 79.00 | 21.00 | 027 
A |} - 5.45 70.90 29.10 041 
79.10 | 20.90 0.26 
| - 5.58 71.25 28.75 0.40 
_ 3.33 88.62 11.38 0.13 
| 455 70.85 29.15 
- 6.78 59.42 40.58 0.68 
| “11.11 40.75 | 59.25 1.45 


of filtering proportionately more of it was retained at the lower tempera- 
tures. 

For reasons already indicated, it seems safe to assume that the sucrose 
in the residue was held there in aqueous solution. It is also reasonable to 
assume that the percentage concentration of sucrose in aqueous solution in 
the residue is the same as the percentage concentration of sucrose in aque- 
ous solution in the filtrate. Working on this assumption and knowing the 
amount of sucrose in the residue and the percentage sucrose in aqueous 
solution in the filtrate it was possible to caleulate the amount of free mois- 
ture in the residue. Subtracting the sum of the weights of free moisture 
thus caleulated and of the dry matter in the residue, from the weight of 
the residue at any one temperature gives a value which in this work has 
been considered the weight of ice formed at that temperature. 

The amount of ice formed at different temperatures in one of the series 
of comparisons, expressed in per cent of original sample, also as per cent 
of the moisture in the original sample, is represented graphically in fig- 
ure 3. 

It is very apparent that the amount of ice formed per degree drop in 
temperature is much greater in the temperature range just below the freez- 
ing point of the mix than is the case at a lower temperature range. 


THE EFFECT OF USING PRESSURE IN FILTERING ICE CREAM 
A consideration of the phase diagram for water at high pressures shows 
that its freezing point is a function of pressure. The pressure used in this 
study varied from pressures slightly above atmospheric to 500 pounds per 
square inch (34 atmospheres). These pressures are relatively low com- 
pared to those required to appreciably change the freezing point of water, 
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RELATION OF TEMPERATURE TO FORMATION OF KCE 
AND TO RESIDUE RETAINED ON FILTER 
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as can be seen from figure 4 (5). This was verified for the case at hand 
by making a series of comparisons, in which the pressures applied in filter- 
ing were varied from 75 pounds per square inch for 5 minutes to 300 
pounds per square inch for 5 hours. 

The results of one of these comparisons where the temperature of obser- 
vation was — 5° C. (23° F.) are given in table 3. The weight of the sample 
placed in the filter at the start was 213 grams and contained 12.19 grams 
of lactose. To start with, the liquid portion of the mix would be uniform 
in its composition with respect to lactose. Hence, any decrease in the per- 
centage of lactose in the successive filtrates would be due to dilution of the 
sample as a result of ice melted. Since the filtrates and residue were ana- 
lyzed for lactose, there were sufficient data available to caleulate the amount 
of ice melted due to the filtering pressure. 


TABLE 3 
Relation of Pressure Applied to the Amount of Ice Melted 


WT. OF WT. OF ICE 
*PRESSURE APPLIED FRACTION | LacTOSE SAMPLE MELTED AS 
_OF THE IN IF NO RESULT OF 
SAMPLE ORIGINAL | saMPLE DILUTION PRESSURES 
Lbs. /sq. Time SAMPLE % HAD OCCURRED APPLIED 
inch applied % GRAMS GRAMS 
ae 75 | 5 minutes 55.08 8.32 | 117.30 0.00 
2jend..| 75 | Lhour 7.14 | 827 | 15.10 0.10 
| 3rd 250 1.97 8.02 4.08 0.12 
4th ..... 300 | Shours 342 | 7.21 6.32 0.98 
**Residue 32.39 0.457 70.2 1.20 
75- 1 hr.—5 min. 
TOTALS........ 250 lhr. 213.0 1.20 
300 - 5 hrs. 100.0 


* The pressure applied to the residue in obtaining any sample was the pressure indicated 
for that sample plus the total pressure which had already been applied in obtaining 
the previous sample, e.g., in obtaining the 3rd filtrate the pressure applied to the 
residue was: 250 lbs./sq. inch for 1 hr. plus 75 Ibs./sq. inch for 1 hr. and 5 min. 

** The residue was that portion of the original sample remaining after the four filtrates 
had been obtained. 


In collecting the samples used to secure the data for the amount of ice 
formed at various temperatures, the filtrate obtained at a given tempera- 
ture included all of the filtrate from that sample. Hence, any dilution 
which might occur due to the melting of ice as a result of pressure applied 
would be very slight. If all of the lactose present in the filtrates obtained 
in the above series is considered present in one filtrate sample, it would 
test 8.25 per cent instead of the tests indicated. This is only 0.07 per cent 
less than the highest test obtained in the series, and since the regular 
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method of sampling used would not allow for a dilution greater than that, 
the filtrate obtained could vary in composition between 8.32 per cent and 
8.25 per cent lactose. 

From the data presented graphically this sample would have approxi- 
mately 43 per cent of the water frozen at —5.0° C. (23° F.). This is equiva- 
lent to 57.7 grams of ice in the sample under consideration. Since it has 
been shown that 1.20 grams of the ice were melted due to the pressure ap- 
plied, the amount of the ice formed and subsequently melted would be 2.1 
per cent. Normally the sample would have been collected not later than 
the third filtrate, in which case the error due to dilution would be only 0.21 
per cent, since most of the melting occurred during the last 5 hours in the 
press. 

Although somewhat higher pressures were used for filtering samples at 
temperatures below — 5° C. (23.0° F.), it is true that at the lower tempera- 
tures the tendency for the samples to melt at a given pressure would be less. 
It seems, therefore, that the melting of the ice in the samples as a result 
of the pressures applied in these observations is a minor source of error. 


DISCUSSION 


The complexity of ice cream, both chemically and physically, makes dif- 
ficult a study of the relationship of temperature to the changes which occur 
in such a mixture. 

All of the methods so far used to determine the amount of ice formed 
as a function of temperature are indirect methods. Certain assumptions 
are made as a basis of calculation. This applies equally well to the filter- 
ing process used here, although it seems that the method is somewhat more 
direct than the calorimetric method, due to the fact that the specific heats 
of the various components over the temperature range studied are not defi- 
nitely known. 

It is recognized that the freezing point of the mixture is a function of 
pressure, and that excessive pressures for long periods of time will result 
in the melting of a portion of the ice formed at that temperature prior to 
the application of the pressure. It has been shown, however, that the ex- 
tent of the pressure and the time it was applied in the filtering method used 
in this study are not sufficient to cause any significant decrease in 
the amount of ice retained in the residue. 

It would be more desirable if the filtering method used would permit 
of the complete separation of the ice from the remainder of the components 
of the mix. Since this was not the case, the weight of the residue could 
not be regarded as the weight of the ice in the sample. It was possible, 
however, from the data available, to calculate the percentage of the residue 
which was ice at the temperature of observation; hence, the weight of the 
ice in the sample could be determined. 
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It is apparent that the rate of freezing in the ice cream freezer is much 
more rapid than subsequent freezing in the hardening room. Where ice 
cream is drawn from the ‘‘freezer’’ at low temperatures, a large portion of 
the ice is frozen rapidly. Consequently, a large number of small ice erys- 
tals should be formed and the resulting ice cream would be expected to have 
a fine smooth texture. Where the temperature of drawing from the 
“*freezer’’ is relatively high, however, only a small portion of the ice is 
frozen rapidly. Hence, more of the ice frozen would be in the form of 
large crystals and the texture of the resulting ice cream would be coarser. 

In the event that the rate of freezing subsequent to drawing the ice 
cream from the ‘‘freezer’’ were the same as the rate of freezing while in 
the ‘‘freezer,’’ it appears that there would be no advantage, from the point 
of view of improving the texture, in freezing a large portion of the ice in 
the ‘‘freezer.’’ In this case the principle object of putting it in the 
“*freezer’’ would be to incorporate the desired amount of air. At present, 
however, under practically all commercial methods of ice cream manufac- 
ture, there is a marked difference in the rate of freezing in the ‘‘hardening 
room’’ as compared to the rate in the ‘‘freezer’’; consequently, the tem- 
perature of ‘‘drawing’’ should be considered important in determining the 
texture of the finished ice cream (6). It should be apparent also that the 
advantages of rapid freezing are lost, if enough of the ice formed in the 
“*freezer’’ is allowed to melt before continuing the freezing process in the 
hardening room. Thus, placing ice cream in warm containers or allowing 
it to stand at warm temperatures are conducive towards coarse textured 
ice cream. Fluctuating temperatures sometimes referred to as ‘‘heat 
shocks’’ are conducive to the growth of ice erystals. On the other hand, 
low storage temperatures maintained at a uniform level tend to retard the 
growth of these erystals once they are formed. 

The application of the principle of rapid freezing to commercial ice 
eream manufacture is gaining ground. Low temperature refrigerants, 
high speed dashers, proper alignment and sharpness of scraper blades, as 
well as modifications in the methods of hardening ice cream, have been used 
as a means of increasing the rate of freezing. It is expected that these im- 
provements will be accompanied by further industrial developments which 
will make possible still greater advantages as a result of the application of 
the principles of rapid freezing in ice cream manufacture. 


SUMMARY AND CONCLUSIONS 


1. Changes which occur in the freezing of ice cream have been shown 
to be chiefly concerned with the distribution of moisture between the liquid 
and solid phases. 

2. A study of cooling and melting curves of ice cream indicated the 
temperature range at which maximum ice crystallization occurred to be just 
below the freezing point of the mix. 
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3. Quantitative data substantiating these observations were obtained as 
a result of the application of a filtering process to ice cream over a range 
of temperatures. 

4. The significance of these observations was considered in relation to 
the influence of methods of freezing upon the texture of ice cream manu- 
factured under commercial conditions, and an explanation is given for the 
improvement of the texture of ice cream accompanying low temperatures 
of drawing from the ‘‘freezer.’’ 
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BEWARE of 
CHANGING 
SEASONS 


‘Ton changing season calls for greater 
eare in the handling of dairy products. 
This is the time when unexpected warm 
spells cause premature spoilage of milk. 


It is a well known and established fact 


that if the utensils with which milk makes | 


contact are thoroughly sterilized with B-K 
dilution just before they are used, the spoil- 
age from excessive growth of bacteria will 
be reduced to a minimum. 


B-K, at the reduced prices, provides an 
economical, reliable, and effective method 
of controlling bacterial infection from 
utensils. 


New Low frice 


General Laboratories, Inc. 
529 Dickinson St. Madison, Wis. 


SCIENCE 


Uniform Temperature 


is absolutely essential in the incuba- 
tion and continuous propagation of 
lactie cultures. In the Mojonnier Cul- 
ture Controller the correct tempera- 
ture is maintained automatically and 
continuously, insuring healthy, active 
starters at all times. Several models 
for natural ice or mechanical refrig- 
eration. Write for details. 


Bes. 


MILK ENGINEERS 
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The Ayrshire— 
The Ultimate Dairy Cow 


Assure the future success of your 
students and the farmers in your 
state by demonstrating the character- 
isties of the Ayrshire. 


The breed that produces the great- 
est amount of 4 per cent milk at 
lowest feed cost. 

The breed that makes good under 
any reasonable conditions. 

The breed that produces the ideal 
milk for infant, nursery, and retail 
trade. 

The breed that is healthy, vigor- 
ous, and rugged. 

The breed with udders that stand 
wear and tear and are easiest to 
keep clean and healthy. 


At your service 


Ayrshire Breeders’ Association 


Brandon, Vermont 
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View at left shows Pfaud- 
ler Automatic Continuous 
Glass Lined Tank Holder 
at Walkerside Dairy, Ltd., 
Walkerville, Ont., capacity 
16,000 ibs. per hour. A 
better flavored product 
plus lower operating cost 
is what every keen minded 
dairyman desires today. 
Pfaudler engineering pro- 
vides both. Ample evidence 
is found in the tremendous 
increase in the use of 
Pfaudier glass lined pas- 
teurizing equipment, large 
and small. Do you want 
the facts? 


". .. general plant costs are down . . . credit for a 
portion of this is due THE PFAUDLER HOLDER” 


. so writes Mr. W. L. Knowles, Vice-President of 
the Walkerside Dairy, Ltd., Walkersville, Ont. 


Performance of Pfaudler Holders in 
10 plants checks with Walkerside . . . 


What Mr. Knowles writes above has been found 
true in other plants using the Pfaudler Auto- 
matic Tank Holding Systems. As creators and 
with years of proved performance back of this 
system, Pfaudler offers both the medium and 
large plant operator many exclusive advantages 
that are important today. 


Comprised of glass lined holders (vertical or 
horizontal), the number and size of which vary 
with capacity, the operations of filling, holding 
and emptying are controlled by one master valve 
thru which no milk passes. Electrically actu- 
ated, this valve regulates the application of 
vacuum to fill an air pressure to discharge 
each holder in regular cycles. The cycles can- 


not be forced; positive holding is assured; low 
bacteria counts prove this. 


No pumps are used to force milk in and out of 
holders. This means that there will be no 
churning or foaming. It has been definitely 
proved that the use of air pressure and vacuum 
is directly responsible for a deepened cream 
layer of pasteurized bottled milk. That’s what 
counts with the consumer. 


These and 16 other exclusive features have made 
the Pfaudler Automatie Holder an outstanding 
favorite. Time study tests show that a complete 
system can be thoroughly cleaned and sterilized 


in an hour and a half! That saves money. 


Give us an opportunity to lay the faets before 
you on this thoroughly tested product. If you 
believe in facts, we feel you will make your next 
holder a Pfaudler installation. Send for Bulle- 
tins 695 and 738. 


Glass Lined Pasteurizers, Hand 


Operated or Automatic Produce 


Results that are Important to You and Your 


Customers. Investigate! 


r 
THE PFAUDLER COMPANY 
| 1515 Gas & Electric Bldg., Rochester, N. Y. | 
| Send me data on the Pfaudler Automatic Con- 
tinuous Glass Lined Tank Holding System. ] 
| Oo Have your representative call about ' 
(Please write plainly) 
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Le might as well face the fact that no single- 
tube test bottle will remain readable. Experi- 
ments have proved that the only way to preserve 
graduations is to protect them—and that can be 
done only by double-tube design. 


With the new Wagner Double-Tube Test Bottle, 
the tube on which the graduations are marked is 
encased in a sealed outer-tube—a sleeve. As a 
result, the graduation never comes in contact with 
water or acid-—and it never wears off because 
your hands never touch it. The graduation re- 
mains perfectly readable throughout the life of 
the bottle. There is a perfect vacuum between 
the two tubes which keeps the fat column at the 
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GRADUATION 
gives you a 
PERMANENTLY 
READABLE 

test bottle 


proper temperature for reading. Moreover, be- 
cause of the additional strength provided by the 
double-tube construction, there is far less break- 
age, and, as a result, a dozen Wagner Double- 
Tube Test Bottles will last as long as a gross of 
ordinary single-tube bottles. 


Use Wagner Double Tube Test Bottles—the only 
permanently readable test bottles. Write today 
for illustrated booklet and quotations on your 
requirements. And be sure to ask about the 
Wagner Jr. Precision Column-Meter, which should 
be used instead of a caliper in reading Wagner 
Double-Tube Test Bottles. The Wagner Glass 
Works, 695 East 132nd Street, New York. 


Distributed by: 


CHERRY-BURRELL CORPORATION, 427 W. RANDOLPH ST., CHICAGO 


Baltimore, Boston, Cedar Rapids, Cincinnati, Cleveland, Columbus, Detroit, Little Falls, Milwaukee, New York, 
Pittsburgh, Philadelphia, St. Paul, Syracuse 


THE CREAMERY PACKAGE MBG. CO., 1243 W. WASHINGTON BLVD., CHICAGO 


Atlanta, Boston, Brooklyn, Buffalo, ~~} Kansas City, Los Angeles, Minneapolis, Omaha, Philadel 
Portiand, Ore., San Francisco, Seattle, Toledo, Waterloo, Ia. 
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Jor milk storage. 


Alberta, Canada. 


This 2,000 gallon tank is made of Pure Nickel 
It is insulated with 2” cork, 
and is steel covered. It is one of two installed 
= in The Union Milk Co., 
Tank made b 


Ltd., of Calgary, 
LEE METAL 


PRODUCTS CO., INC., Philipsburg, Pa. 


Safer...More durable 


...- that’s why modern dairies use 


Pure Nickel Storage Tanks 


IGH corrosion-resistance, immu- 

nity to rust, low-cost mainten- 

ance, rugged durability — these are the 

advantages Pure Nickel equipment 
brings to the modern dairy. 

Leading operators find Pure Nickel 
ideal for storage tanks, truck tanks 
and other equipment which comes in 
contact with sweet milk and cream 
products. At the same time, its hard, 
glass-smooth surface promotes quick, 
easy and thorough cleaning. It will 
not retain stale odors which would im- 
pair the natural flavor of new batches. 


ASSOCIATE MEMBER 
INTERNATIONAL ASS 


Strong as steel and solid as sterling, 
with no coating to chip, crack or 
wear off, Nickel equipment insures 
long, trouble-free dairy service. Many 
Nickel milk tanks after years of 
daily duty, are still as sound, sanitary 
and serviceable as the day they were 
installed. 

Leading dairy machinery manufac- 
turers can furnish Pure Nickel equip- 
ment. Let us send you their names 
before you make your next installation. 

Write today for your copy of 
“Technical Publication No. 192.” 


e 
THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK. N. } 
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Back Numbers 


JOURNAL OF 
DAIRY SCIENCE 


Complete sets of 
volumes 2 to 14 in- 
clusive are available, 
also many individ- 
ual numbers and 
volumes. 


MARSCHALL PRODUCTS 
for cheesemaking 


meet the most rigid requirements 
for purity, strength, and uniformity. 
Dependable results are assured the 
user of 


Marschall Rennet Extract 
Marschall Rennet Powder 
Marschall Cheese Color 
Marschall Testing Supplies 


Marschall’s D-S-D (chlorine 
disinfectant) 


Samples and detailed information 
gladly furnished 


Marschall Dairy 


Laboratory 


Madison, Wisconsin 
U. 8. A. 


ONLY TRUE 
COMPETITION 
is BETTER 


QUALITY” 


N the Dairy Industry the 

maintenance of quality is 
imperative — both for public 
good and private profit. 


Many of its leaders find it 
easier to sustain a high stan- 
dard of product when KVP 
scientists plan their wrappers. 


GENUINE VEGETABLE 
PARCHMENT 


—keeps products fresh for the 
longest possible time; promotes 
cleanliness and aids in estab- 
lishing consumer identity. 


Let us confer with you 
on your problems. 


Kalamazoo Vegetable Parchment Co. 
KALAMAZOO - MICHIGAN 
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Control is the 
Big thing— 


The backbone of modern business 
is CONTROL. Production, costs 
quality, and sales all hinge on this 
vital factor—and the dairy labora- 
tory is no exception to this rule. 


The dairy chemist counts on his 
Babcock Bottles—his control and 
test apparatus—to point the way 
to profit and guard against loss— 
toward certainty and away from 
guesswork. 


There are very definite reasons 
why Kimble Glassware is so firmly 
entrenched in outstanding dairies: 


It is fabricated, first and last, for 
assured accuracy. 


It stands the gaff of severe service. 
Its calibrations are easy to read. 


lt is retempered to eliminate strain 
and avoid undue breakage. 


It is the finest glass offered to the 
Dairy Industries. 


Stocked by leading Dairy Supply 
Houses throughout the United States 
and Canada. 


a 


Standardize on Kimble’s —for as- 


sured results and certified control. 
THE VISIBLE GUARANTEE OF 


INVISIBLE K QUALITY 4M 
XD <> 


KIMBLE GLASS COMPANY 


VINELAND, NEW JERSEY. 


BRANCH OFFICES:—New York, 1440 Broad Philadelphio, 1616 Walnut Street; 


Boston, 131 State St.; Chicago, 402 W. Randolph St.; Detroit, General Motors Bidg. 
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Charts like this 


are possible with your present heater—under varying conditions 


Give your milk the flavor protection of 
this truly automatic split-degree control 


Is your present heater ‘‘temperamental’’? 

Does it take constant watching and worry to keep 
your pasteurizing within the narrow limits between 
ordinance-line and spoiled-flavor line? 

Install a C P Automatic Dual Controller System 
and nothing you can do to your heater will throw the 
final temperature off more than a small fraction of a 
degree. 


1. Apparatus of 
the C P Dual 
Tempera- 
ture Controller 
System. 


with equal accuracy. 


How it works 
This patented system—in- 
stallable on any good 
counter-current two-stage 


heater—is made up entirely of standard units. But 
its basic principle is unique. Technically it works 
this way: 

1. A temperature controller operates to 
maintain the heating water to the tem- 
perature at which it is set. 

2. A second or “anticipator” controller, 
located in the milk line at a point two- 
thirds the way through, is linked to the 
re-setting arm of the water controller. 
This controller reacts against any 
change in operating conditions by rais- 

ing or lowering the heating 
water setting, and thus com- 
pletely counteracts any over- 
or under-heating by the time 
the milk has travelled the 
remaining third of the way 
to the outlet. 
What this means in 
practical operation 
This means that you can switch 
suddenly from pints to quarts, 
vary the flow for any other reason, 
shut down entirely at any time. 
You can change from milk to 
heavy cream. You can forget in- 
itial milk temperature. 
Whatever the condition of opera- 
tion, your final temperature re- 
mains the same, without manual 


2. At Bowman Dairy Company's new plant, attention. 
River Forest, Ull., the C P Dual Controller Please write our nearest office 
System handles either milk or heavy cream 


for particulars. 


The Creamery Package Mfg. Company, 1243 W. 
Washington Blvd., Chicago, Ill. Branches: 
Atlanta, Boston, Brooklyn, Buffalo, Chicago, 
Denver, Kansas City, Los Angeles, Minneapolis, 
Omaha, Philadelphia, Portland, Ore., San Fran- 
cisco, Seattle, Toledo, Waterloo, Ia. 


C P Automatic DUAL CONTROLLER SYSTEM 
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Simplified 
Acidity Reduction 


All guess work in acidity reduction is eliminated 
when WYANDOTTE C. A. S. (Cream Acidity 
Standardizer) is used. C. A. S. is so pure, so 
uniform, so thoroughly efficient, and so simple to 
use that you always know just what results to 


expect. 

WYANDOTTE C. A. S. reduces cream acidity 
_ quickly, giving more efficient pasteurization which 

results. in : 


2. Better texture. 

3. Eliminating neutralized flavors. _ 

4. Less curd formation which saves butterfat. 
5. Smoother consistency of cream. 


Order from your Supply Man 
or write for detailed 
information. 


dolle 


The J. B. Ford Company 
Wyandotte, Michigan 
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quate of It is comp 


ihe nutriment for bacteria. Its use is approved in ‘‘Standard 
Methods.’’ No filtration of the solution, or adjustment of reaction is required. In solution the 


reaction will be pH 7.0. 
Bacto-Nutrient Agar 
for use it conforms to all ‘‘ Standard 
Methods’ t is easil 4 


neither filtration nor adjustment of 
reaction. counts in different laboratories over long periods of 
time. 
Specify “DIFCO” 


THE TRADE NAME OF THE PIONEERS 
Im the research and develepment ef Bacto-Peptene and Dehydrated Culture Media 


Dirco LABORATORIES 
.DETROIT, MICHIGAN, U. S. A. 


Bacteriolngical Division of Digestive Fermenta Ce. 


FUCQMA TESTERS 


For Butterfat (Modified Gerber Method) 
Give Accurate. Results in Shortest Time 


VERY VALUABLE 
ON MILK, CREAM, FOR CONTROLLING 
ICE CREAM, BUTTER, DAIRY PRODUCTS 
CHEESE, CONDENSED, ALSO 
DRIED, EVAPORATED » FOR CHECKING OTHER 
METHODS. 


FUCOMA COMPANY INC. 


216 Waxer St. 


“STANDARD METHODS PRODUCTS | 
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